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EUSTIS DIRECTORATE POSITION STATEMENT

This report presents the results of an effort to develop a general technique for evaluating
potential aircraft modifications. The technique considers improvements in reliability,
maintainability, and capability, and provides measures of life-cycle cost and operational
effectiveness. A computer program was produced to implement the analysis technique;
this report also serves as documentation for that program.

The technique presented should prove useful in evaluating proposed product improvements
and in establishing research priorities in terms of benef its achieved, costs incurred, and
risks assumed.

Timothy D. Evans and Robert L. Walker , Military Operations Technology Division, were
the technical monitors for this project.

DISCLAIMER S

The findings in this report are not to be construed as an off ici a l  Department of the Army position unless so
desi gna ted by other authorized documents .

When Government draw ings , specifications , or other data are used for any purpose other than in connection
w ith a defin i tel y related Government procurement operation , the Un ted States Government therchy incurs no
respons ut,ilr t y nor any ot, Iirjat ion whats oever; and the fact that the Government may have formulat ed , furnished .or in any way supp lied the said drawings , specifications , or other data it not to 1)0 regarded by implication or
otherwise as in any manner licensing ti re holder or any other person or corpor ation , Or conveying any rig hts or
permission , to manufacture , use , or sell any patented invention that may in any way be re l . r t i ’d  thereto.

Trade names cited in this report do not cons t i tute an official endorsement or approval of the use of such
commercial hardware or software,

DISPOSITI ON INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the or ig inator . 
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SUMMARY

Throughout an aircraft ’s life cycle, various product improve-
ments are recommended to upgrade the vehicle ’ s reliability
and maintainability characteristics. The problem for program
managers lies in deciding whether the cost of improving the
aircraft will be sufficiently offset by the reductions in
expenditures for maintenance that are expected to result if
the improvements are made . Rigorous analysis techniques that
consider all of the variables involved in such decisions were
not always used in the past, either because they were not
available or were not easily utilized.

The purpose of the program described in this report was to
develop a technique for evaluating the cost and operational
effectiveness of potential aircraft modifications that affect
reliability and maintainability . The methodology developed
was to consider the vehicle changes in the context of a task
accomplishment approach. In other words, the cha nge was to
be evaluated in terms of its ability to perform a specific
mission . A further aim was to make the evaluation technique
easily useable by those involved in the decision—making process.

Task I consisted of the development of a computer program to
evaluate proposed aircraft R&M changes with respect to a base—
line configuration . Several cost techniques such as break—
even point, rate of return, and net present worth were used .
Output included the following cost categories : research and
development, investment nonrecurring and recurring, and
operational costs. The program allowed analysis between
implementation cost and change—to—operational cost. Further-
more, the program permitted assessment of the change in effec-
tiveness in terms of availability, utilization , and fleet size.
The results of the first task were documented in an interim
report.l

Task II called for the construction of several test cases to
be run through the computer program . Historical data on modi-
fications of selected components was examined to determine the
impact of the modification on aircraft operations and costs.

The result of the project was a new, integrated technique for
evaluating potential aircraft modifications, which cons i ders
R&M improvements and measures cost and operationa l effectiveness
within a task accomplishment structur€~. Although this study
was undertaken with aircraft in mind (particularly helicopters),
there are no limiting factors in the technique which will not
allow its apDlication to other vehicles or systems .

lBlewitt, S. J., PRODUCT IMPROVEMENT PROGRAM EVA LUATION, The
Boeing Vertol Company, Philadelphia , Pennsylvan ia , Boeing
Document D2l0—l1146—l , November 1976.
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PREFAC E

This report- presents the results of a study to develop a
generalized analysis technique for evaluating potential air—
cr a f t  modi f i cations , which may result from the successful
completion of advanced R&D programs . The study was conducted
under Contract DAAJO2—76—C—0020 for the Eustis Directorate ,
U. S. Army Air Mobility Research and Development Laboratory,
Fort EuStis , Virg inia.

USAAMRD L technical direction was provided by Mr. T. Evans,
Mr. R. Walker , and Mr. H. Bratt.

The Project Engineer for the Boeing Vertol Company was
Mr. S . J. Blewitt of Product Assurance Research and
Development. Program management and technical direction
were provided by K. G. Runimel and K. T. Waters .
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INTRODUCT I O~

In addition to the capacity for achieving greater levels of
r e l i ab i l ity ea r ly in the life cycle .f aircraft t r e~ q~
aggressive development programs, subs tan tial r .’liab~~lity
erowth potential is present during the in—service and produc-
tion phases. Where continued product improvement efrorts ):ave
been appl ied , signif ic ant reduc tions in failure or remo val
rates have resulted. An integral component of any product
tmoro-- - ement program is a method for quickly and conc lus ive ly
determining the mos t beneficial changes tIin~t could be i 1c’ .r-
porated into in—service aircraft. ?rogram managers are faced
with a variety of field prob lems , proposed changes ~U f d  pos-
sible improvements suggest”d by a multitude of sources . ‘ he-
proposed c~ s offer a wide range of bene f~. ts and incorp’jra—
t ion costs ‘. i it h i n  the frame -~or’. of the ever—s~~rin”. ing
defense

There i ~~ ing awareness that  high system r : Uah i l i~~ycan be .,u ie-~ d through a growth process of test-analyze—f ix ,
which is repeated through the sys tem ’ s life cycle. As the
system pas ses thr ough the design and deve lopment phases into
f u l l  produc tion , changes become increa si ng ly expens ive to
make . This is due to the cost of retrofit for any mn’.lifin:d . ion
which cannot be ins talked at the time of preduction . A choice
is involved between producing kits to be sent out to Cd’- field
for installation on all the aircraft and waiting for the air-
craft to be returned for overhau l for installation of to
mod ified part. An additional alternative is to allow t~o
system t i continue operating at present levels with its associ-
ated costs .

in the past, proposed aircraft modifications were generally
evaluated based on the number of failures or the quantity of
manhours spent on the repair of a cer tain par t. One way or
another a component rose toward the top of a problem lis t and
began receiving attention . Depending on the seriousness of the
problem or the amount of funds available, the item was chosen
for improvement, and an engineering change proposal was
initiated . In some cases , a cost analysis was done to show
that the cost of redesign and incorporation could be offset
by savings later on through decreased removals and maintenance
manhours expenditures . The process by which one candidate was
chosen over another was not always rigorous or consistent.
Fur thermore, the resultant changes in operational ef f ectiveness
were not readily quantified .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The purpose of this report is to document a gener 1 t’ v: :~~~oe
for  e v a l u a t i n g  p o t e n t i a l  m o d i f i c a t i o n s  to e x i s t i n g  a i r o r -  :~~t

systems . The procedure requires  background a n a l y s i s  and t:.’
preparation.of computer program input, execution of tOe program
with variation of the input parameters , anal ysis , interpretation
and disml:iy of the results . The technique permits the evaluo-
tion of a proposed change in the context of a task accomplish-
ment structure ; that is , it is considered in light of tOe air-
craft’s missio n . A potential modif ic ation is compared to a
baseline configura tion to quan ti f y the e f f e c t  of reliab i l i ty
and main ta inab i l ity changes on avai l ab i li ty , utilization ,
fleet size and cost. The technique is an inexpensive tool
suitable for general application to the product improvement
decision—making process .
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R e l i a b i l i t y  can be improved by i n - r i c i n g  the Ior ~q to  of t ime
that  a piece of hardware ~i i L l  op.r~i t - ’ wi thou t  f a i l i n g .
~• 1 o i nt a in . i b i  l i ty  can be upgraded by L C cr ” a s i n g  th e  l en q th  of
time it takes to perform a maintenance tack or by reducing the
number of n - i  required to perform a repair , both of which
lower total maintenance manhours . ~~~~- nerally, improv i ng R&M
:esults in fewer failures and maintenance manhours , and a
rc’luction in the number of spar.- parts to t must be kept in
the inventory . All of this equates to low--c cost. Furthermore,
since the aircraft spends less time in tir. hangar , it is avail-
able for use more often and can a-ocumulat .- more flight time .
However these benefits can only be achieved at a price. An
C:flor )ve’ment in R&M has a cost and this must be offset by lower
operating costs in the future or improved operat ional  e f f e c t i v e —
n-- ss . in addition , R&M benefits sometimes carry a penalty of
iacreasod weight or reduced performance which must also be
c onterbalanced .

~ .e’-I-.’l’tONA L EFFECTIVENESS

it is postulated that each type of aircraft has a characteristic
a’.-ai l a b i l i ty / u t i l i z a t i o n  re la t ionship associated wi th i t .
.~- ‘ailability is defined here as the percentage of calendar
doors in a given period that an aircraft is not undergoing
maintenance. For example , in a 28—day month of 672 hours , i f
ti~o aircraft were down for maintenance 67.2 hours , it would
have been available for- use 90% of the time. The 67.2 hours
of maintenance were generated because the aircraft flew a cer-
tain number of hours , which requir ed inspec tions to be performed
and failures to be repaired . As the aircraft flies more, it
requires more maintenance and consequently has a lower availa-
bility percentage. Another aircraft type with better R&M
features would also have a characteristic availability/utilization
relationship , but on a higher level. This concept is illustratc i
in Figure 1, with the first aircra ft depicted in curve A and
the second represented by curve B. For the same availability ,
aircraft B achieved more flying time because it generated less
maintenance per flight hour.

Going a step further , ~f a series of these curves were added
to Figure 1 for various levels of R&M improvement, one could
develop a plot of increased utilization capability as a func-
tion of R&M level for constant availability. This , of course ,
is based on the assumption that all other thlnqs wi 11 be equal ,
such as number of mechanics, tools and support equipment.
This concept is illustrated .in Figure 2. As can be seen ,
utilization per aircraft increases with higher lesrels of
reliability arid maintainab i lity. 
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Utilization - Fli ght Hours Per L ir c r a f t  Per Month

Figure 1. Availability Versus Utilization
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If better R&M permits aircraft to achieve more flyinq time ,
then this benefit must be quantifiable in ton s of the air-
craft  operator ’ s resources. Assume that a mission is defined
that requires a fleet of aircraft of a certain type to fly 7000
hours in a month. This could have been calculated based on
the loads to be carried and the capabili ty of the aircraft.
Assume further that this type of vehicle can achieve 50 flight
hours per aircraft per month (FH/AC/MO) at a certain desired
availability level. Then 140 aircraft would be needed to com-
plete the mission (7000 hours divided by 50 hours per aircraft) .
Now, if another aircraft with better R&M could achieve 70
flight hours per aircraft per month , only 100 of this type would
be needed. Figur e 3 illu strates this principle. If utiliza-
tion per aircraft is increased, the fleet size required to
perform the same task is reduced .

This section showed how the relative operat ional ef fec tiveness
of an R&M improvement can be measured , in the context of the
program described in this report. Better R&M can result in
higher aircraft utilization and a smaller fleet size, but,
as was stated previously, not without cost.

.
~~4 4-1

~~~~ N:0 (Ii

rx
~ o

Utilization - FH/AC/MO

Figure 3. Fleet SCde Versus Utilization
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COST EFF ECT i VEN E SS

In—service aircraft as a group generate maintenance at a
fairly predictable rate . This is obvious in the case of
sci t~. Ouled maintenance and inspections , but perhaps less so
in the case of unscheduled maintenance or failures. Never—
theless, as experience is gained and the fleet accumulates
hours , it becomes apparent that many components continue to
fail at a constant rate over the life of the aircraft. This
assumes that the aircraf t are past the infant mortality or
early failure stage and have not yet reached the wearout phase.
Consequently, dollar expenditures are accumulating at a con-
stant rate over time. At some point, a recurring component
problem moy be identified as a candidate for modification ,
perhaps because it is a big contributor to downtime, because
it is a high cost item , or because its failure rate is getting
worse. Yiiiatever the reason, a decision is made to improve the
hardware in order to lower the total operating cost. Obvious ly
some amount of investment will have to be made , to design the
change , t-ost and qualify it, and incorporate it into the fleet.
Sometimes new tooling is required to produce the changed parts .
At any rate , total costs are going to be higher during this

- -clod than they would have been if no improvement had been
made . This is because the old parts are still failing and being
repai red with their associated costs while funds are being spent
on developing the new parts . Gradually, the improved parts get
incorporated into the fleet, and the benefits of the higher
reliability start to accrue in the form of reduced operating
cost. Ultimate ly when all of the old parts have been replaced
by the modification, total costs should be lower than they
were previously , even when considering the investment requir . -d.
Figure 4 shows the process .
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Costs are constant  u n t i l  it is decided to improve the piv . . i u c  0
,

at which time they increase. This increase continues unt i 1
fleet incorporation begins when some payoff stor to tei show by
way of lower operating costs . This is where  th cur”e begins
to bend over in Figure 4. As more of the fleet is retrofi tt- - .f ,
the savings are increased . The curve eventually intersects
the constant  cost line of the “no improvement ’ case. At this
point the cumulative costs of both programs are equal. For
the improved part case , this is the break-even point , t h e  point
at which investment costs have been recovered through lower
operating costs . From here on, the operation of the fleet is
at a lower cost than could have been achieved by not making
the improvement.

This is how cost effectiveness can be ~,oasured. The “no
improvement ’ case that was illustrated was for constant
operat ing costs , but the process shown is even more app l icable
in the case of increasing costs : the total costs of alterna-
tives can be compared and a break—even point can be calculated .
Not shown here , but also possible, is the computation of a
rate of return on investment based on total cost savings .

THE PRODUCT IMPROVEMEN T PROGRAM EVALUATION TECHNIQUE

The purpose of th is section of the report was to in t roduce
the concept of in—service aircraft modification and to show
which parameters are important in deciding whether a produc t
improvement will be profitable . Using the procedure described
in this report, a potential modification to an aircraft system
can be evaluated in dwo different ways: through changes in
operatio nal effectiveness , and by cost analysis. Operational
measures of effectiveness inc lude availability , utilization
and fleet size , while cost parameters inc lude investment,
operational cost, net present wor th, rate of return and break-
even point. Furthermore , this is achieved within the confine s
of a task accomplishment structure .
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THE PRODUCT IMPROVE MENT PROGRAM hVALUJ\ T I ON COMPUTER PROGRAM

This section of the report describes the logic and f low of
the computer program and the assumptions that underlie the
major subroutines. Also included are a description of the
data requirements, the ou tput stati stics , and the analytical
capability .

PROGRAM OPERATION

Figure 5 is a top—level flowchart of the first half of the
computer program . First, a mis sion is descr ibed in terms of
the cargo to be carried and the distance to be travelled . It
may be the generalized daily routine mission , or it may be a
specialized wartime situation . At any rate, it provides the
structure within which changes in operational effectiveness
can be analyzed. Second, the aircraft’s performance charac-
teristics are described in terms of capacity and cruise speed .
The computer then calculates the total number of flight hours
needed to perform the mission without rec”ard to the number of
actual aircraft required . The flight hours are used later to
compute the necessary number of aircraft. Next, the computer
program digresses temporarily and accepts the R&M character-
istics of the total aircraft. The user hypothesizes a steady-
state utilization rate, and using classic queueing theory
equations , the program derives the availability level associ-
ated with the R&M traits and utilization input. This is done
for the baseline configuration , and referring to Figure 5, it
can be seen that the process is repeated for the alternate.

However, when the queueing section of the program is used
this second time, the availability achieved by the baseline
design is held constant , and the computer iterates to solve
for utilization for the alternate. Assuming that the alternate
conf iguration either fails less frequently or requires fewer
manhours to repair , it should be able to f ly more often and
therefore have a higher utilization . At this point then , the
computer program has two utilization levels , the baseline and
the alternate , at the same availability . Dividing flight
hours per aircraf t  ( u t i l i z a tion)  into tota l f l ight hours
required to perform the mission (calculated earlier) yields
the number of aircraft or the fleet sizes necessary for th e
two configurations to perform the mission. Repeated use of
the queueing routine allows utilization to be held constant
and the availability to be recalculated for the a l t e r n a t e .
Since it is expected that the R&M characteristics of the
alternate are better, the availability of the alternate shou ld
be hi gher than the baseline . Ad hitionally, fleet sizes can be
held constant with both avail ability and ut i l i~’ation beth~
recalculated .

14
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Fiqure h is a t o p - le v el  f low cha r t  Cd t h e  r~- St  of t h e -  ~r’)gram ,
w h i c h  develops the cost measures of er t oc t i v e n e s s .  O p e r a ti o n ol
costs in the ir :irne’.-:cirk of this  technique are d r iv e n  by the-
:~oirober of t imes t h e  component un d e r  cons ide ra t  ion f a i l s  and is
repai red  or replaced . The number of failur -s or maintenance
manhours  is assumed to be reduced by the incorpora t ion  of the
proposed change in to  the  a i r c r a f t . T h e r e f o re , the next step
is to inpu t the r e t r o f i t  policy or schedule . The a i r c raf t
are  th in “flown ’ for the number of i eon th s  or years under con-
sideration in the study, and the number of failures of the
old and new items are computed . In the baseline situation ,
there is no retrofit policy, and the component is allowed to
continue failing at the old rate. Next, costs associated
with repair of the old and the new items arc input, including
oh ’ : investment required to procure and install the changed
par t . Costs are accumulated over the specified life cycle,
are discounted , and a rate of return and a break—e’.’en poin t

- calculated .

At this poin t  then , the two sections of the computer program
ha”e provided cost and effectiveness criteria for comparing
one possible alternative with the baseline configuration .
The user may then vary his input to discover under what con-
ditions the alternate can be made more attractive . Perhaps
he should accelerate the incorporation rate or change the
design to make it more reliable or easier to repair. The com-
puter program is executed again , and the next set of results
are compared with the previous output. This illustrates one
use - ‘ t

rn 
the t e ch n i a ue , to find t h ’~ best set of circumstances

un ier which a change may be cost and operationally effective.
A n o t her  use of ti c - procedure is to rate competing product
i m pr .~- ” i n I e n t  e - nt - .hi ’hates . Each one is optimized separately

I e J O l : S t  the baseline , then a comparison of the proposals can
be .2Oii  h o o t ”  I usioi q the measures of effectiveness output from
f b i ’ :  program . Since portions of the output are by year over
On” li t ’ ’  vy-ole , the program manager ’ s f u n d i n g  cons t r a in t s  can
also be t . e h” n  into account.

P. ‘I lE .~ :.lh NTS

Ifl - )r -l: r to develop the data required for the t echn ique  descr ii .)’
h e ro , it is essential that the user understand the basic assump-
tions inherent tei the process . We ar ’ talkinil pr i mari ly abou t
a situation w her e  a number of existing aircraft are field -i and
operational , and an E&M— r f e c t i n g  change i s  c u b e - v t ’ - - f o r  on e
of H ’ a i r c r af t ’ s components .  Two un - s t  ens need to be i i i se . ’ - r ’ ’ ’ l :
how w i l l  the c’hi~~nge impac t o p e r a t io n a l  c~ip . ib i  I i  ty  -n i d  w h a t  W i  1 1
the fl ‘0 ~ OS~ b ( ’iIC Ei Os be ’ . W i t h i n  t ha t  s e e n- r i o , i t  i s  poss ib le
to hypothes ize  i s- - u i - h  s i t i i , i t  ion w h e r e  Ti e: a i r c r a i  t - h - I  i v i ’r i e s
- i re S t i l l  being  m a - h ’  or , at t i c -  ‘ ‘ : - : t r ’m i ’ , w h i r ’  no ,h el i ’, ’r i ’ ’s
h ive H - -a  m e l ’  ‘- i t f b i ’ - t i m e  of - a n a l y s i s  but t l~ , I i r - r - i t t  h is 1s- ’~~i

. h i
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developed . This third application was not the main purpose
for which the technique was developed , but in most instances
it can still be applied. Furthermore , other performance-
impacting changes may be assessed , such as increased speed or
pay load , bu t the main  thrus t is in appraising reliability and
ma in tainabi li ty al terat ions .

It must be remembered tha t the whole evalua tion takes place
within the framework of a predefined aircraft role. Therefore ,
the resu lts are in terms of a part icular  con f i guration ’s
abil ity to comp lete its assign ’d mission.

With this in mind , the analytical dat a requisi tes w i l l  be
generally introduced here. First is the task to be accom-
plished. It is expected that, in the majority of uses, the
proposed change will be to a component utilized in the life
cycle mission of the aircraft , that is, the application for
which the air c r a f t  was designed. If the analysis concerns a
transport aircraft, then cargo or troop li f t  miss ions  should
be described . Secondly, since there will usually already be
a fleet of aircraft in existence, the mission should be
described so that when the actual aircraft performance capa-
bi l i ty  is input to the computer program , the resultant cal-
cula ted f leet  size wi l l  be about the same as tha t which truly
exists. In this way, the so-called baseline configuration
output statistics will represent the real—world situation that
is being studied. Likewise , if the ai rcraf t sys tem has an
established availability -’utilization relationship, the inputs
should be designed and the program executed such tha t the
established relationship is reproduced . In this regard the
computer program ha s a “baseline establishment run ” fea ture ,
whereby only a portion of the program is executed , un til the
user is sa ti sf ied tha t a good foundat ion exis ts aga in st which
to compare any modi f i ca tions .

The data requirements up to this point are founded on a good
understanding of the aircraft under study and its past
experience : the basic miss ion , f leet s ize , number of seats ,
usefu l payload , cruise  speed , MT BF , MTTR , NORS , NORM , avail—
abil ity and f l i ght hours per aircraft per month . For the
alternate it is necessary to know what the reliability , main-
tainability, and performance (payload , speed) e f f e c ts w i l l  be;
the mission remains the same .

Next, a me thod for  incorporating this improvement into the
aircraft must be devised . The information needed h- -re is not
as rigid since the user may wish to vary the imp l ementation
scheme to dete rmine the most c o s t — e f f e c t i v e  schedule . The
options ava i l ab le  to the user a r ’  to have the chanur ’ put in
as the aircr:ift are being de l ivered , if new deliveries are
still being made , or to have the mod i f i ca tions  i n st a l l ed  i n

18
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the  field . If installations are made in the field , they may
be made at the organizational level or delayed until the air-
cra f t arr ive at depot leve l for repair  or overhaul .  Since
the computer program accepts a certain quantity per month as
inpu t for field installation , the user must know or be able
to estimate the rate at which aircraft arrive at the depot
leve l if this is the policy to be followed. Through the use
of th is implemen ta tion ph i losophy and the components ’ failure
rates , the number of old and new item failures are computed.
Fol lowing thi s, the operational costs can be calculated . To
do this, the average parts and labor costs associated with
the old and new item must be supplied for three levels of
repair. Other costs are built into the program but can be
changed at the user ’s discretion. Finally, the user must be
aware of the investment required to bring about the change .
This includes R&D, investment nonrecurring and investment
recurring costs . This is where the costs of the modification
kits , i f that  is the procedur e, are tallied. If the user can-
not estimate investment costs at this time , the program wil l
do it for him based on operational costs and their relation-
ship to total life cycle costs . This illustrates another use
of the model: in addition to being able to examine the cost
and effectiveness of a particular program given that all the
costs and benefits are known , the technique can also be used
to determine what funds will have to be spent to get a certain
rate of return given that the user only knows what the R&M
improvements are and not the cost. This can be done by para—
metric variation and repeated runs of the program . Since the
program execution time is on the order of 5 to 30 seconds
depending on the computer used , this is a relative ly inexpen—
sive process.

Table 1 contains a summary of the input data required for the
computer program . The input category is listed along with a
description and a notation as to whether the information is
needed separately for the baseline and alternate configura-
tions , or gener a l ly  for appl ication to both cases.

PROGRAM OUTPUT

Actual  reproductions of compu ter outpu t are not shown here
but are fully illustrated in the appendix. However, spec i f i c
items of output are summarized in a later section of this
repor t where test cases are discussed . The purpose of the
program output section is to describe the ou tpu t sta tistics
th at are available to the program user.
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TABLE 1. COMPUTER PROGR’iM INPUT S UMMARY

‘ -~teqOry Description Requirement

Mission Description Passengers and General
cargo to be car-
r ied and i]stanee
to be travelled .

! \ircraft  Performance Pay load , cruise Baseline /Alternate
Characteristics speed , number of

seats .

Aircraft R&1’1 Mean time between Baseline/Alternate
Characteristics maintenance , mean

tirn o to repair.

Component R&M Maintenance action Baseline/Alternate
Characteristics rates and manhours .

Retrofit Policy Incorporation tech— Alternate
niqu e and schedule.

Costs Operations and sup- Baseline/Alternate
port

Investment Alternate

The initial portions of output from the computer program con-
cern the operational measures of effectiveness . The total
f l i ght  hours required to perform th e mission ar e presen ted - -

for both the baseline and the alternate configurations. If
the proposed R&M change will impact the cruise speed or the
pay load capacity of the alternate , then the alternate will
requ ire more or fewer f l ight hours to perform the mission.
~- ‘::t , holding availability constant, the number of flight
hours per aircr-ift per month that can be achieved by each
c o n f iguration are shown. Related statistics , such as total
clown t ime and total t ime spent wai ting for men , are also
computed. Finally, based on the flight hours needed to com-
plete the mission and the utilization capability of the air-
c r a f t , thy’ requ ired fleet sizes for the two confi gurations

20
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are calculated for a constant a v a i l a b i l i t y  level. The pro-
gram also disp lays availability and fleet size for a constant
utilization , and availability and utilization for a constant
fleet size. In summary then, the measures of effectiveness
at this point are the total flight hours required to perform
the mis s ion , avai labi l i ty  and uti l i za t ion, and the f l eet
sizes for both the baseline and alternate aircraft. It
should be sta ted here that  such opera tional parameters are
ra re ly sufficient to justify a product improvement program .
However , in a situation where a number of projects have equal
meri t from a cost viewpoint , yet where only a few can be funded ,
these parameters can be used to decide which ones should be
chosen . Obviously, the fac t that the a l t e rna te conf igura t ion
might be able to perform the mission with fewer aircraft does
not mean that the Army will return these extra aircraft to
the contractor . Nevertheless it does provide a measure of
effectiveness .

The program next goes through a month by month process of
accumulating hours on the parts , having  them f a il , and getting
them repaired. In the alternate case , incorporations of the
new part are made according to the schedule. ‘rhe result is
the number of maintenance actions on the old and new items at
the three levels of repair for the baseline and alternate
cases . These are then costed out in the next subroutine .
Additional output includes the number of spares required to
support the described operating level and the number of air-
craft lost due to attrition. In the event that a program is
underway in which new aircraft are purchased to replace those
attrited , this number can be compared to the two fleet sizes
generated earlier to see how many fewer aircraft need to be
replaced in the alternate case. Although a t t r i ted  a i rcraf t
are seldom replaced during peacetime, the output statistics
are there for each user ’ s part icular  application. Likewi se,
a reduction in the number of spares required may be of little
value if a f lee t  of componen ts and spares ha s already been
purchased and there is no provision for returning the spares
to the contractor. Since policies regarding spares and the
replacement of aircraft can vary with each application , these
two parameters do not enter into the costing subroutine .

The number of maintenance actions on the old and new items at
the three maintenance levels are carried over into the next
subroutine for the baseline and alternate cases to calculate
the costs associated with these repairs . The output shows
the life cycle costs of operating the component in the base-
line configuration according to the categories described in
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\R37-18.2 Following this , the yearly cash flow is shown ,
which inc ludes the annual costs , the cumula tive costs , and
the discounted costs for both cases . The break—even point
is displayed , and to demonstrate the effect of the incorpora-
tion schedule , the f l eet composi tion of old and new parts and
the resu l tant opera ting costs are shown by year. Finally,
based on the present value of the life cycle cash flow , a
tru-: rate of return on the investment is computed.

ANALYTICAL CAPABILITY

As was stated previously, the computer program described in
thi s report represents a technique for examining the cost and
operational effectiveness of a proposed aircraft improvement .
In a more un iversa l  sense , it is a tool that can be used to
solve for an optimum life cycle cost—effective R&M level.
Fi gure 7 illustrates the classic economic principle of the
marginal rate of return. It is the relationship between the
margina l  ~‘icrement of input to output.

LIFE—CYCLE COST

INVESTMENT
2

O&M COST

R&M

Figure 7. Cost Effective R&lvI

The top curve, which is the total life cycle cost, is merely
the sum of the investment and O&M costs. It is reasoned tha t
higher investment is required to achieve better levels of R&M,
and improved R&M results in lower operating cost. However , - -

according to the law of diminishing returns, higher levels of
R&M become increasingly more expensive to achieve, until
eventually there is no life cycle cost benefit, and in most
cases , life cycle costs will increase. In the case of product

2Army Regulation Number 37-18, WEAPON/SUPPORT SYSTEMS COST
CATEGORIES AND ELEMENTS , Headquarters Department of the
Army , Washington ,~~D.c., October 1971.
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improvement programs , better R&M levels can be achieved by
investing more money in the design or testing of potential
candidates or, after the improvement is designed , by acceler-
ating its incorporation into the fleet. In other .‘;or’lr , i t
may cost more to get the new component into the fleet quick ly,
but the benefits of the improvement begin sooner.

Parametr ic  Ana lys i s

By varying certain of the computer program inputs , the user
can decide either the best way to implement a particular
product improvement or choose among competing can didates.
Obviously , the f i r st set of parameters to be changed are the
MTBF5 at the three maintenance levels and the MTTR 5 . Alter i ng
these inputs wi l l  change the availabi l i ty./u t i  l iza t ion re la t ion-
ships and possibly f lee t  si ze fo r analyz ing  opera t iona l  e f f ec t ive -
ness , and w i l l  change the number of maintenance actions per-
formed and manhours for examining cost impact. The user should
have some idea of what investment costs are necessary to
change R&M , but the program will estimate investment costs if
they are unknown .

The second m a j o r  area for  parametr ic  analys is  is in the
incorporation philosophy. The modification schedule is of
prime importance, since no b e n e f i t  can be achieved u n t i l  the
m o d i f i c a t i o n s  have been made to the aircraft . The sooner the
new parts are ins ta l l ed, the sooner the overall  R&M leve l w i l l
improve . N a t u r a l ly, i t  is e~~pectod that  quicker  ki t  produc-
tion and ins ta l l a t ion  w i l l  cost more.  The concept is i l lus-
tr ated in Fi gure 8.

BASELINE

— ALTERNATE 1

~ 
ALTERNATE 2

TIME

Figure 8. Cumulative Cost of Alternate
Incorporation Schedu les
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one cu rve shows the cum cost of cont inuing  to operate the
b asel ine  con f i gu r a t i o n .  The other two curves show the cos t
of chang ing the aircraft . Both of these are lower than tb’:
basel ine  an -i are viable programs ; however , they di f fe r  in
their change incorporation procedure. Alternate 1 ‘-.‘iou]d
i n s t a l l  the change at overhaul ;  A l t e rna te  2 would  sen-]  k i ts
out to the f ie ld  for immediate  implementa t ion .  A l th oug h
Al t e rna t e  2 costs core th a n  A l t e rna t e  1 in the ear ly  stages
of the prog ram , in t i i ’a  long run it is less expensive. I t
could be that funds are not available in the ear ly part  of
the program , but this  is an example of the kind of analysis
which  can be h u n e  by va ry ing the schedule of change incorpora-
t ion .

Those two i t ems , R~~-1 and m o d i f i c a t i o n  incorpora t ion  s :hedule ,
are the t.-:o main areas for  s e n s i t i v i t y  analys is, but there

- also many minor changes that can be examined in the cost
input  sections . Perhaps a new manu facturing technique or
new materials can be used to lower the value of parts con-
sumed at the depot level. This can be checked for its cost
b e n e f i t  by chang ing the appropr ia te  input  card . Likewise,
maybe a less ski l led (and less expensive ) mechanic can perform
the repair. To anal yze this , merely change the labor rate .
In any case , the mode l is f l ex ib le  enough to exami ne a lmost
any cos t—reduc ing  or operat ions—improving change .

Cost A n a l y s i s

One of the most usefu l areas of the cost output is in the
opera t ing  cost section. If a particular product improve—
m ’ n t  is not yielding a satisfactory rate of re tu rn  or is not
sav ing  as mu ch money as was or igin al ly thought , a simple
exami na t ion  of the operating cost section w i l l  show which
categories are the high cost contributors . The user can
then backtrack and decide what  must  be done to remed y the
situat ion . For examp le , if depot maintenance was found to
be a high cost contributor , the program user could change
tb-a inputs to the program in an effort to lower depot mainte—
nance costs . The user could hypothesize an improvement in
depot level MTBR and change this input to reduce the number
of components to be repaired at depot. Other options avail-
able are to reduce the cost of parts consumed at depot , r educe
the maintenance manhours required for repair , or lower the
cos t of people working on the compone nt at that  level. Any
or all of these would result in a decrease in depot mainte-
nance costs .

The cash flow output by year has many applications . For
example , the annual costs of competing projects can be plotted ,
along with budget constraints , as an aid in deciding which can
be sa t i s fac tor i ly  funded . This concept is i l l u s t r ated in
Figure 9.
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Figure 9 . Alternate Project Cash Flows

The output can also be used to show the break—even point,
which is the year in which all the investment costs have been
recovered in reduced operating costs. This point will be
d i f f e r e n t  when discounting has been applied , due to the reduc—
tion in value of future cash flows to their present value .
Since product improvement programs require investment capital
in the early years of program life anti since discounting
factors in the early project years ara higher than in later
years, discounting will generally push the break—even point
out further than when using actual cash flow. Nevertheless ,
discounting is the recommended DOD procedure.

Another figure of merit from this section of output is the
true rate of return on investment.  This f i gure is most rele-
vant when available funds for investment are constrained . Ta
this si tuation, the program manager wants to know how he r -~ ’ •
best invest his money, and this is the appropriate s t a t i s t i c .
However, in the situation where available money is relatively
unl imi ted or wi th in  a limi ted range , the d i f f e r ence  in l i f e  4
cycle cost between baseline and al ternate must be considered .
For example , two competing projects may have rates of return
of 10% and 20’ - . The logical choice would seem to be the - ‘

latter. However, this could be a relatively minor aircraft
modification, simple to design and install (keeping invest-
ment cost low), and having a relatively sma~~l total cost
benefit but a high rate of return . The fir~-t project could
represent the solution to a major aircraft problem . It may
h.e’e high investment costs , causing the project to have a
lower rate of return , but have significantly higher total ciu- t
sav ings  than the other candidate. If  the manager  is net
limi ted in his budget end could afford the i nvestment  t e r
e i ther  one , then he should consi ’ ,er the one wi th  the  low”r
rate of return.
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TEST CASES

In er~~er to demonstrate  the program and i l lus t ra te  some of
t he  way s that  i t  can be applied , a number of test cases were

• developed and run through the model. Generally , these cases
u t i l i:~ed all of the major features of the program . Two
of the cases dealt wi th  an air c ra f t  in the inventory , the
- ‘bl — 47, and en~-’ was concerned with  a development aircraft, the
t i l t— - - IA. ~- ‘~aintenance was performed at all levels , fleet sizes
‘.tero ‘- ‘cried , and different incorporation schedules were tested .
I t  so,~uld  be pointed out that R&rvl and cost input data used in
the t e s t  -2OSe S  was based on best estimates of the engin eer s
and other personnel involved. As such, the results shown in
this section should not be construed as the absolute indica-
t ion of the effectiveness of the product improvements dis-
cussed. The purpose of the test cases was to demonstrate the
program , and a true product improvement evaluation would re-
quire a more r igorous d e f i n i t i o n  of input prior to execution
of the program .

CH—47 Rainshield Stiffener

p 
rhe chinook ra inshie ld  is mounted on the rotor s h a f t  under
the rotor head , and its purpose is to cover and protect the
rotor contro ls , actuators and swashplate assemblies. It
provides an aerodynamic f low and keeps ra in from entering 

-

the a i r c r a f t  in ter ior .  A few years ago , an ECP ( Eng inee r ing
Change Proposal) was submitted to correct a recurring fat igue
problem , which manifested itsel f  in the form of cracks in the
ra inshield  s t i f f e n e r, an integral part of the rainshield.
To reduce fatigue failure the proposed new stiffener was the
same as the old one except that material would be shotpeened
stainless steel instead of the original ALCLAD (aluminum) .
The standard repair of cracks in the stiffener was to rivet
a patch over the cracked area. Although this was s imple and
inexpens ive , it resulted in a lot of down time and consumption
of mai ntenance manhours , since the task required removal of
the rotor head . Removal of the Chinook rotor head was estimated
to consume about 8.5 maintenance manhours .

The f irst step in the product improvement analysis was to
es tab l i sh  a basel ine against which to compare the propose d
change . The modification was to be considered only for the
C}l—47C model aircraft ; therefore historical data on this
model was examined to determi ne the appropriate operat ional
param eters . Aircraft mean time between maintenance (MTBM)
for all causes was .7505 hour and mean time to repair (MTTR)
was 2.15 hours . A representative sample of Vietnam field
experience revealed an availability level of about 74 at

. 6
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50 hours per airc ra f t  per month ut i l izat ion. Using thie MThti-i ,
MTTR and ut i l ization descr ibed above as input, varying
the crew size eventual ly  yielded an avai lability level of
73.5A . This was considered to be an acceptable baseline .
The organizationa l level mean time between failures for the

• rainshield stiffener was expected to improve from 206 hours
to 293 hours. This resulted in a change in aircraft MTBM to
.7513 hours and a change in MTTR to 2.05 hours . Holding
availability constant at the baseline level yielded a new
utilization capability of 53 hour s pdr aircraft per month .
These f igures can be seen in Table 2 . A monthly mission

TABLE 2. CH-47 RAINSHIELD STIFFENER

Baseline Alternate

Component MTBF Hours 206 293
Component MTBR - AVIM - -
Component MTBR - Depot - -

~i r c r a f t  MTBM Hours .7505 .7513
;ircraft  MTTR Hours 2.15 2 .05

~vailabili ty 73.5% 73.5
Utilization 50.0 53.0
Flight Hours Required to do Mission 9840 9853
Fleet Size to do Mission 197 186

Total O&M Cost $662163 $500558

O&M Cost Savings - 161605
Cost to Improve (Investment) - 909d~)

Net Cost Saving - 70615

True Rate of Return — .81%

Break—Even Point - 12 Years

was defined such that when the flight hours required j o  do
the mission (9849) were divided by the baseline ut il i ;~ation(5 0) ,  the resul tant basel i ne f l eet s iz e wou l d be the same as
the number of aircra f t in  the i nventory , ab ut l~)7. Since

2 7



the new rainshield stiffeners increased aircraft weigh t by
7 pounds , payload was reduced by that  much , therefore requir-
i n g  a few more flight hours to perform the mission (9853)
When this was divided by the new utilization (53) the fleet
size necessary to perform the mission in the alternate con—

• figuration was reduced to 186 aircraft. This was the opera-
tional measure of effectiveness: the capability of performing
the same mission in the same time frame with 11 fewer aircraft.

The second half of the process was to evaluate the cost effec-
tiveness of the change . For both the baseline and alternate
cases , a 15—year life cycle was assumed . During this time
u t i l i z a t i o n  was 10 hours per a i r c r a f t  per month , except for
2 periods of 3 years and 2 years respectively, when a surge
s i tua t ion  of 50 hours per a i r c r a f t  per month was hypothesized .
Maintenance manhours per repair was 8.9, and material con-
sumed was valued at $5.00 per repair. Finally, it was assumed
that at the s tar t  of the analysis there were 148 aircraft in
the fleet with 100 more to be delivered at the rate of 2 per
month . Upon running the program , there were 7781 repairs of
the old rainshield stiffener over 15 years at a total O&M
(operations and maintenance ) cost in excess of $600,000, as
shown in Table 2.

In the alternate case, it was assumed that new stiffeners
would be available at the beginning of the second ye ar , that
new aircraft delivered would have the new stiffener , and that
the rest of the aircraft in the field would be retrofitted at
a rate of 18 per month . For the 15 year period , there were
5882 r epai rs of old and new st i f feners at a total O&M co st
of about $500,000. Table 2 shows that the O&N cost savings
minus the investment cos ts y ielded a net cost savings of $7 0,605.
It took 12 years for investment costs to be recovered , and the
tr ue rat e of re turn was .81%. The true rate of return is based
on the pr esent value of the cash f low ov er the l i f e cyc le  and
is calculated using the following equation :3

TRR (%) = PVB PVA x IQ.Q.
I N

where PVB total present valu e of cash flow for the bas el ine
PVA = total presen t value of cash flow for the a l te rnate

I = total investment (discounted)
N = pro jec t  l i f e

3Rose , J . ,  ECONOMIC ANA LYSIS FOR RELIABILITY AND
MAINTAINABILITY TRADES , The Boeing Commercial Ai rp] one
Company, e e a tt  h e , Wa s h i n g t o n, Boeing l)ocumcnt 15 — 2 2 0 7 2  T~~-l ,
Hay 1975.



This is an annual rat ’, a n - h  since the discount rate used
was 1) , the true rate of return represents a return over
and above the b A .

Th is process y iel ded th0 secun  I h a l f  of the  output , the cost
measure of effecti”en -ss. It should be remembered that ,
al though the pr oo ram is  r un f r a n  start  to f inish as a s i ng le
entity, the two parts are distinct. The fact that operations
could be con ~uote- i using 11 fewer aircraft did not cause 11
fewer aircraft to be retroitted . Furthermore , the operational
analysis was done at the higher , --tartiin-a u t i l i zation of 50
hours , while the costs were computed for a peacetime/wartime
scenario. No sensitivity ~o-t lysis ‘‘as performed in this test
case , but one will be shown in t h i ~ n i t

CH—47 ~‘uel Pods

A recent field sur-’ey r - - - a l ’ ’  a low MTBF and a low MTBR to
scrap for the Chinook fue l pods . The skin of the present
con f i guration s fu- 1 pods is a ‘h ~~n a lwnmniuc sandwich which is
subjec t  to Jamas - in t n i -~- mai nit - fl3niC~~ an I operational environ-
ment. Cracks an  1 D inctor -s - I e ’ ’e  lop in the skin , in which
moisture accumu l at ’s causing corrosion and voi ls between the
metal layers . Al t~.~~ many of the repairs can be made on
the aircra f t, a laree number at pods are removed for repair
and have to be scrapped . ‘Fh~ proposed remedy for the problem
consists of replacino th- - - old pods with new ones of composite
const ruct ion w i t h  a nomex core , which would eliminate corro-
sion. Tb-a new pods would also h~a”e a high -Ic*jree of resistance
to the type of -damage prt ”-~ uu1sy experienced . In addition , it
is estimat �d that the new pods coul.i be acquired at about 85/
of the cos t of the old ones .

A test case was set up and run through the computer program .
The results revealed a net saving of $2.8 million o’eer tb ’
20—year life cycle. However , before the run was made , it
was intuitively felt that the benefit, would be higher than
that. It was decided to run the program again  with a difter ent
incorporation schedule . The first time through , the entire
fleet (361 aircraft) was retrofitted at a rate of 3 aircratt or
18 pods per month. This required the acquisition of 3b1 sets of
fue l pods. In the second case, it was assumed that the new po ho
would be in sta l led only when ti-ic old ones were removed and scrap-
ped , a r ate of about 9 pods per month. This required t i ’  ac-
qu is i tion of only 184 sets . Table 3 shows the results of the
second run.

- - - - -- - .
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TABLE 3. CH-47 FUEL PODS

Baseline Alternate

Component MTBF Hours 50 400
Component MTBR - AVIM - -

Component MTBR - Depo t (sc r ap r ate)  1975 *

A i rc ra ft MTBM Hours .7505 .7605
Aircraft MTTR h ours 2.15 2.13

Availability 73.5/ 73.5/
Utilization 50.0 51.3
Fl igh t Hours R e q u i r - - - to do ~I i s s ion  18055 18055
Fleet Size to do Mission 361 352

Total b~~’I S35.7M $2 .2M

Cost  Savings — 33.~iM
Cost to Impre”e (Investment) — 13.

Net -Cost  Sa’. - i n g  - 19.7

True Rate of Return — 7.1/

Break—Even ho int  — 8 Years

~i-:stimated at 100,000 hours , but for program purposes
it was assumed it would not be scrapped.

The change in orga n i za t ional leve l MTBF from 50 hours to 400
hours improved the aircraft MTBM from .7505 hours to .7605
hours . At 73.5)-i availability, the alternate configuration
achieved 51.3 flight hours per aircraft per month as compared
to the 50 hours per month achieved by the baseline . The fleet
sizes required to perform the mission were 361 aircraft for
the baseline and 352 aircraft for the alternate. Total (toN
cost of the baseline was $35.7 million and included the replace-
men t of over 2,000 sparc pods . For the  alternate , tY’I costs
were ’ $2.2 million ; however an add i tional $13.8 million was
spent to develop ($.5 million) and acquire tb-  n w  pods . rn
the alternate scenario , 1, 104 oil pails were re’placed by new oneo .
The net cost saving over t h e  l i fe  cycle was $10.7 milli on , the
true rat - of r e t u r n  was 7.  1%, and  the break—oven po in t  W a s  8
years .
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This case illustrated how sensitivity analyses can be per—
formed us ing  the program . With the fuel pods , du e to the
natur e of the scr ap ra te it was more p rof i tab le  to wa i t  for
the old pods to be scrapp ed , than to r e t ro f i t the f lee t.
In other cases or circumstances it could be more effective
to install the changed part at a rapid rate. It should be
remembered that the purpose of the fuel pod examp le was to
demonstr ate the computer program , not to advoc ate a produc t
improvement program . Data used in the example was based on
the best estimates available at the time .

UH-61 FM Homing

Th is test case shows how the mode l can be used for  ana lyses
concern ing aircraf t  that have been developed but  have not
yet gone into production . In the UTTAS aircraft, both the
pilot and copilot radios had FM homing capability . The
rad ios shared a s ing le  antenna by way of two coaxial re l ays
and related wiring . A design—to—cost analysis was performed ,
and it was decided to take away the FM homing capability of
one radio by eliminating the coaxial relay setup and tieing the
other radio directly into the antenna. Using data generated
from thi s analys is , a produc t improvement computer run was
made. The re sults of this run are show n in Tabl e 4.

A new mission was developed to represent the UTTAS operating
scenario of 69 hours per aircraft per month . As can be seen
from the Tabl e, with an MTBM of 1.9 hours and an MTTR of
.85 hour , an availabi l ity level of 85.9/ was achieved. This
included a constant NORS (no t operat ional ly  r eady-supply)
rate of 10%, whereas the Chinook runs used 7/. Cons ider ing
the ut il ization capabi l i ty  and the f l ight hours required to
per fo rm the miss ion , a f leet of 1,107 aircraft was needed ,
thereby representing the true UTTAS procurement planning.
Base d on the radio system ’ s rel iab i l i t y  par ameters and r epa ir
costs , O&M costs for the 20—year life cycle were $14.2 million . -

El imina t ing the second radio ’s FM homing capabi lity decreased
the frequency of repair at all three maintenance levels . The
change from an organizat ional leve l MT BF of 94 hours to 134
hours caused an incr ease in ut i l izat ion capabi l i ty  of about
.4 hour per aircraft per month . This resulted in a reduction
in fleet size required to perform the mission to 1,100 air-
craft. It is obvious that this measure of effectiveness has
gr eater value in the preproduc tion phas e of the procur ement
process. O&M costs were reduced by $4.5 million to $9.7 million.
Since the change in the system was to be made prior to produc-
tion and no kits or retrofitting were involved , investment
costs were minimal , at $1,862, most ly  for draw ing changes.
Because investment was so low, the net cost saving, the ra tc
of return and the break—even point are not even shown h e r e.

U



TABLE 4 . UH- 61 FM HOMING

Baseline Al ternate

Component MTBF Hours 94 134
Component MTBR — AVIM 99 145
Component MTBR - Depot 2000 2900

~ircraft MTBM Hours 1.900 1.912
\ircraft MTTR Hours .850 .850

\vailability 85.9% 85.9%
Utilization 69.00 69.42
Flight Hours Required to do Mission 76391 76391
Fleet Size to do Mission 1107 1100

Total O&M Cost $l4.2M $9.7M

O&M Cost Savings - 4 .5M
Cost to Improve ( Investment) - 1862

Net Cost Saving - -

True Rate of Return — —

Break—Even Point — —

It was intuitive ly obvious that this case would be a cost
ef fect ive change , but the operational benef its were not as
apparent prior to running the program . In addition, it shows
another side of the model . In this situation , the entire air-
craft delivery process was simulated in order to calculate
the number of expected failures over the life cycle.

Earlier in this report, several areas were noted as likely
candidates for sensi t iv i ty  anal ys es . These were : the R&M
inputs, the product improvement incorporat ion schedule , and
parameters from the O&M cost output. An additional area is
the aircraft utilization level. Use of the mode l revealed
that what may be a cost and opera tional ly  e f f e c t i v e  product
improvement at 50 hours per a i r c ra f t  per month , may have
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l i t t l e  or no payoff  at 10 or 20 hours per month . Successive
runs of the mode l can enable the user to determ ine the airc r a f t
usage level at which a change is profitable. Finally, in the
past certain ratios of cost savings to investment have been
us ed by program managers as a c r i t e r i a  for approval of product
improvem ent programs . Ratios of 4 or 6 to 1 have been mentioned.
It is fe l t  that this c r i t e r i a  was used in response to a general
lack of confidence in cost est im ates used as j u s t i f i c a t i o n
for PIP’S. However , using the technique described in this
report , such high ratios should no longer be required. Since
the calculation of the true rate of return takes into account
a discount rate of 10%, anytime a PIP anal ysis results  in a
posi t ive rate of r eturn , it represents a higher ra te of return
on investment than that which could be had by not making the
change. This is not to say that every PIP in this category
should be accepted , since there ar e cases of high technical
r i sk , but the technique present ed in this report  does represent
a more rigorous approach than that which was used in the past.
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CONCLUSION S

This report introduced a new, integrated technique for evalu-
ating potential  ai r c ra f t  mod i f icat ions. The approach is the
execution of a computer program that measures the cost and
operational effectiveness of reliability and maintainability
improvements within a task accomplishment structure . It can
be effectively used in three ways. First, it can be employed
to evaluate the profitability of a product improvement. Second ,
it can be used to optimize a candidate product improvement pro-
gram . This can be achieved by varying the R&M improvement
level , vary ing the incorporat ion po l icy  and sche dule , and
analyzing the O&M cost output. Finally, the technique can be
us ed to help choose among compet ing pro duct improvem ent progr ams ,
by comparing their respective cost and operational measures of
effectiveness .

The model is not confined to the applications discussed in the
report but is limi ted only by the particular application of the
us er and h is exper ience with the program . Although the model
had not been widely used at the time of the writing of this
repor t , it is felt that l it t le or no changes to the prog ram
will be required; nevertheless , it was designed to be quickly
and easily modified should additional capabilities be desired.

•1
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RECOMMENDAT IONS

Based on the results of this study, it is recommended that the
technique described in this report be used by program managers
and product improvement analysts in the eva lua t ion  of R&M
affecting product improvements . The technique represents an
approach more rigorous than some that have been used in the
past and will enable PIP decision -making to be more accurate
than pre- iously pos sib le.

It is further recommended that acictitional work be considered
in the eva luation of other areas of product improvement, such
as per f ormance , safety and increased mission capability .
Finally, a feedback process should be initiated involving the
u ser s of the model to ensure that the requirements of the
users are being met , and to identi fy any areas of desired
additional capability .
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APPENDIX A

PROGRA M DOCUMENTATION

This  sect ion of the repor t  provides  computer  p rogram documenta-
t ion  fo r  the Product  Improvement  P rogram E va l u a t i o n  ( P I P E )  model
described earlier . It includes a description of the problem
and method of solution ; a list of equations used ; definition of
input and output; and listings of the source deck , sample input ,
and o u t p u t  results from the sample input.

DESCRIPTION OF THE PROBLEM

A technique was required which could evaluate the cost and oper-
ational ef f ec t iv eness of planned aircraft modifications . The
proposed changes to be examined were of the type which affect
reliability and maintainability . The analysis was to be per-
formed in the context of a pre-defined mission , with operational
measures of effectiveness included in the output . The program
was also to consider means of incorporating the change into the
aircraft fleet , and al low co st anal ysis among the various cost
categor ies. The complex ities involved in the calcu lation of
availability through the use of queueing equations , plus the
iterative process needed to compute yearly costs , made a corn-
puter program the logical method for solving the problem .

METHOD OF SOLUTION

The compute r pro gr am wh ich was dev el oped compa res a base l i ne
configuration with an alternate. It consists of a main program
and four major subroutines. Each configuration goes through
al l  fou r subrou tines , and the main program uses results from
these to calculate certain measures of effectiveness. The
f i rst subroutine , MISHIN , determ ines how many f l igh t hours
would be required for each configuration to complete the des-
cribed mission . Subroutine QUEUE computes availability/
utilization relationships for the baseline and alternate , and
the main program combines the results of these first two sub-
routines to develop the fleet size required by each configura-
tio n to per fo rm the miss ion . The third subrou tine , INCORP ,
accepts the incorporation schedule for the changed component
and models the use of the item throughout its life cycle. In
the case of the baseline no retrofit schedule is used , and the
program flies the components without change . Based on the
number of i tems wh ich f a i l  in this subrou ti ne , the last sub-
rou t ine , ZCOST , ca lcu lates the costs of repa ir ing and re p lac in g
the components in both cases . Fi na l l y , the main program corn-
putes the breakeven point and the true rate of return on
i n v e s t m e n t .
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1-7, tCiTiONS USED IN THE PROGRAM

N u m b e r  of passenger sorties , based on the  d e s c r i b e d
m i s s i o n .

Pas senge r  To ta l
= Aircraft PassengerSor t ies  Passengers  -Capac i ty

M I S H I N  1

Excess capacity available for cargo after passengers
are on board.

Excess Aircraft
= — (A i r c r a f t  Passenger

Cap a- itv  Pay load -
- capacity * 2 4 0 )

______________________ __________ ________ 
NJ~~H1N 2

Number of cargo sorties based on the described mission.

Cargo  Total  ( Pa ssenge r  Excess
- = - - * 

~~Payload
Sorties - Cargo Sorties Capacity

I f  less than  zero , gets  set equal  to zero .

________ _____________________ 
M I S H I N  3

Total number of sorties to be flown based on the
described mission.

Total 
= 

Passenger + Cargo
Sorties Sorties Sorties

__________________ _____ 
N I S H I N  4
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Sortie length (flight hours) based on the described
mission.

Sortie Length = 
(Miss ion A i r c r a f

~~~+ Hover TimeDistance Speed

When hover time is not used , this value is represented
as transition time or take—off time .

MISHIN 5

Total number of t i ght hours required to perform the
described mission .

Flight Hours = Total Sorties * Sortie Length

— 
MISHIN 6

Probability that there are no maintenance ac tions in
the system at a particular time .

1
Po 

/ n — 1

k = O  
(1/k !) (~ / )k) + (1/n!) (~ / ) n

5/( - A )

whe re ,

A- = 1/ MTBM

= 1/MTTR

n number of crews

QUEUE 1

38 



Expected number of maintenance actions waiting for
manpower (on the  average)

MA’ s W a i t i n g  = 
~~~~~~ (~~~~ )

n~
ha l 1 ! i n .  —

QUEU 1-. 2

Expected number of maintenance actions in the system
(on the average)

MA’ s Tot al = ~~~~~~~~~~~~~~~~~~~ ~~~ 
‘ Po 

- +
(n — 1 ) !  (nb- —

~~ 
) -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~L l : ( 7 l - ;  3

Exp ected w a i t i n g  time of a m a i n t e n a n c e  ac t ion .

n( A / . . )  PoW a i t i ng Time = - -(n  — l)!(n~- —

Q U E U E  4

Expected total time a maintenance action spends in
the system.

n
(- \ ‘ )  P0 + 1

Total Time = 
/ ______ _ —‘---

(n — 1)! (n. — ) -

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
QUEUE 5
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- C imulative number of maintenance actions for a

- . company of aircraft for one month.

- - MA ’s Cum = (Utilization * Number of Aircraft)

QUEUE S

I Cumulative waiting time of maintenance actions for
- a company of aircraft for one month .

Cum Waiting Time = MA’ s Cum * Waiting Time

QUEUE 7

Total Not Operationally Ready-Maintenance (NORM ) time
for a compdny of aircraft for one month.

Total NORM Time = MA ’s Cum * Total Time

~ QUEUE 8

Total aircraft calendar hours in a 28-day month.

I! 

I
A i r c r a f t  C a l e n d a r  Time = N u m b e r  of Aircraft * 24 * 28

I ~~ ___________________________ ____ Q U E U E  9

40



0 P e r c e n t a g e  of :~cn t h 1y cale n d a r  t i m e  spent a w a i t i n g
maint enance.

- ‘ 
, (Cum Waitinq Aircraft ‘\ * 100Nf lRM % t,aiting = -

~ 
Time Calendar Time

QUEUE 10

Percentage of monthly calendar time spent down for
maintenance (includes NORM % Waiting)

NORM % Total (Total NORM Aircraft ‘
~ * 100

~ 
Time Calendar Tirne,,i

QUEUE 11

Percentage of monthly calendar time that the aircraft
ar e not down for  mai ntenance , and are available for use .

Availability % = 100 - (NORM % Total + NORS % )

NORS % is an input. QUEUE 12

Fleet size required to perform the described mission .

Fleet Size = Flight Hours Utilization

Utilization is an input for the baseline and yields
an availability -

~~~. For the alternate , the program
tries different utilizations until the baseline av ail—
ability is achieved .

______  _ _ _ _ _ _ _ _ _  
M A I N  1
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- )~ erating hours per year compiled on the subject
componen t s .

Operating Hours (I) = Number of Components *

U t i l i z a t i o n  * 12

where ,

I is the year of the  l i f e  cycle  (up to 20 )

_____________ 
INCORP 1

Total number of maintenance actions performed on the
subject components by year, by maintenance level over
the life cycle.

Life Cycle MA’ s (I , J) = Operatinq Hours (I)

MTBX (J)

where ,

J is t he  maintenance level (up to 3)

____________________  _______  
INCORP 2

Cumulative operatinq hours compiled on the subject
components.

Cum Flight Hours = Operating Hours (I)

where ,

Y is the las t  year  of the l i f e  cycle .

INCORP
__

3
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Number of initial spares required at each location.

,Desired Number
Initial 

= ( Months  Suppl y + Number Months  - 
*

Spares on Hand in P~Lpeline ,~

Number of Components
Utilization * Operating At MTBR

Each Loca tion

I N C O R P  4

Number of components scrapped (replacement spar’~s)

Replacement Cum Flight
= * Scrap Rat t’

Spares Hours

__________ 
I N C O R P  5

Total number of ma~ ntenance ac tion s pcrf -rn ed on ¶he
subject components by maint -nanct ’ / ‘v 1.

Y 3

Sum of MA’s (J) = 
~~~II ~~~~.. L i f e h ’cle “ -‘- s  ( 1 , J )

1=1 ,J .1
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N u m b e r  of depot level maintenance actions performed
ha,’ contractor .

C o n t r a c t o r  
‘ 

% Depot ~IaL ntenance
O v e r h a u l s  = Sum of ~1A 

~~ 
( 3 )  * 

Performed IA ’.’
Contra ct or

where ,

Sum of hA ’s (3) is the total number of d~-I- O t
level maintenance actions.

ZCOST 1

Total con tractor shipping weight for items repaired by
contractor at depot level.

C0nt ract ( r 
— 

Contrac tor 
* 

Component 
*

Shipp inLlT Weioht 
— 

Overhauls h’eiqht

____ _______ 

2(’OST 2

Mult ip lier to L~~~ I dr-fl contractor costs to include overhead ,
general and -riphni strative ~G&A) and I ’ r o f i t .

Overhead ‘. - - Pi oti~Burden = 1 +

Rat - - R~~t - I/ i t

ZCOST 3

Total cost for contrac tor tr a n s }-- i it ion ot ~‘on11 ( n (’5t

0 -and r’ ii - -  - a i r ~ ic i I Ly

(‘e’~~~~
t ract Ot  - - 

Contr act - - 
* l ii-! 

~ B~~ Il t O

T r a n sp o r t  at i n  Shinl inu t~’ - i ; h ~ R i te

ZC OS I ’  4
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Total cost for depot level noiintenance performed
by the con tractor.

Contractor
De~ ot = 

Contractor 
* 

Maintenance 
* 

Labor 
*

ov e rhauls Manhours RateMaintenance

Parts
* BurdenCost (3)

__________________________________________________ - 
ZCOST 5

Total contract costs for transportation and d€ ’~ -n t
maintenance .

Contractor ContractorContract = - +Transportation Overhaul Cost

_____________________________ ________________ _______ 
ZCOST 6

Total In-House (government) cost ~nr parts consumed in
the repair of components at the otdani zati onal and
intermediate levels.

2
Parts = ~I Sum of MA ’ s (J) * Parts Cost (J)

J°= 1

where ,

Sum of MA’ s (1) represents or—o jni zati on l e v e l  and
Sum of MA’ s (2) represents m t  erm ’diate level

_____ ________ - 
Zo’dST 7

- 

- 
Cost of fin’l consumed i n t he ;~~~i it ion ot t In ’ c -ni ~-nii -n t s

POL = ( ‘urn Fl i Iht H lirs * SI- C ~ 
} - ‘ut ’l C st

where ,

SEC = s 1 - ’ c l t i c  fin - i C e n s i t m I - ’ i o n t ~i t

____________ — 
Z ’  -2 1’ IA
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Total consumption costs.

Consumption = Parts + POL

ZCOST 9

Total cost of maintenance labor to repair components
at organizational and intermediate levels.

Maintenance 
= 

J~~l 
Sum of MA’s (J) * 

Maintenance 
*

Labor
Rate (J )

ZCOST 10

Number of depot level maintenance ac tions performe d
in—house.

In-House Contractor
= Sum of MA’s (3) —

Overhauls Overh auls

ZCOST 11

Total in-house shipping weight for items repaired by
the government at depot level.

In—House 
= 

In—House 
* 

Component 
* 2Shipping Weight Overhauls Weight

____________________________________ ZCOST 12
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Total cost for in—house transportation of components
to and f rom depo t repai r fac il it y .

In-House In-House 
* 

Shipping
Transportation 

= Shipp ing  Weigh t  Rate

ZCOST 13

Total cost for  depot level maintenance performed by
the government.

In-House
— 

In—House  * 
Maintenance 

*Depo t — 

Overhauls Manhours (3)
Maintenance

Labor * 
Parts

Rate (3) Cost (3)

zcosT 14

Total in-house costs for operations and maintenance (O&M)

Maintenance 
+ Consumption 

In-House
In-House = Labor + Transportation

Program
In-House Depot + Management
Maintenance Costs

ZCOST 15

Total operations and maintenance costs for both in—house
and contract costs .

Operating Costs = Contrac t  + In-House

ZCOST 16
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Total l i f e  cycle cash flow attributable to the
s u b j e c t-  component .

Cumulat ive Operating R&D InvestmentCash Flow = + +
Costs Costs RecurringActual

+ 
Investment
Nonrecurring

ZCOST 17

Discounted value of total  l i f e  cycle cash f l o w .

Present Value = Cash Flow ( I ) * + 
— (I— .5)

of Ca sh F low =1

where ,

I is the year
i is the discount  ra te

Cash Flow ( I )  is calcula ted by year us ing  the ZCOST
equations shown in this section .

ZCOST 18

Investment costs for alternate component configuration.

R&D Investment InvestmentInvestment = Costs 
+ R e c u r r i n g  + 

Nonrecurring

These costs are discounted using equation ZCOST 18.

- 
ZCOST 19
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True rate of return on investment.

/Baseline AlternateTrue Rate /
= Discounted - Discounted Investment *of Return

\Cash Flow Cash Flow
100
N

where ,

N is the project life,

MAIN 2

4
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D E F I N I T I O N S  OF INPUT DATA

ILT mission leg type

IN LEGS numbe r of legs

I L U D I S  leg di stance in ki lome ters

1~ th mission duration in hours (used instead of ILGDIS)

IMISND mission number

IMTYP mission type

INPAS numbe r of passengers

INLIT number of litters

INCAR cargo weight

ICLS aircraft mission class

IMLOAD indivisible load weight if load cannot be broken
down into smaller pieces

LASTCD tells the program whether or not this is the last
card in the mi ssion descr iption (yes or no; 1 or 0)

LSCASE tel ls the program whether or not this is the last
case to be run (yes or no; 1 or 0) 

I’

IHTMI hover time with internal load in minutes -

IHTMX hover t ime with external load in minu tes

IMCLSS a i r c r a f t  m i s s i o n  class

NAME aircraft name

ISEAT number of passenger seats in the a i rcr a f t

LITTER numbe r of li tters which the aircraf t can carry

lAMBS number of ambula tory or attendan t sea ts in th e
litter configuration

KMPHT cruise speed with internal load in kilomet- -t -s per
hour

KNPHX cruise speed with external load in kil om ’ t -rs per
hour

5-3 
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I PAY pay load in pounds

IFA floor area in square feet

MX number of maintenance crews at the organizational
leve l

XTBF total aircraft mean time between maintenance
including scheduled and unscheduled maintenance

TIMEX total aircraft mean time to re-pair

TIJIL monthly aircraft utilization

AC number of aircraft per company

ZZNORS not—operationally-ready-supply (NORS ) percent

IBER tells the program whether or not this is a baseline
establishment run (yes or no ; 1 or 0)

LR tells the program whether or not this is the last
basel ine establ ishment run (yes or no ; 1 or 0)

MONTHS number of months be ing considered in projec t study

NACSTR number of components in the f l eet at the beginn ing
of the study period

NDLVCD if aircraft are still being delivered with this
componen t on , this tells the program whether they
are being delivered at an irregular ra te (yes or
no ; 1 or 0)

MODLV if aircraft are still being delivered with this
component on , and the del ivery rate is cons tan t,
this is the number of components per month

MOS the number of months that deliveries wi l l  con tinue

NDLWMD tells the program whether the a i r c r a f t  are being
del ivered with  the modif ied par t (yes or no ; 1 or 0)

MOSTRT start  month for a i r c r a f t  that are be ing delivered
with the modi f i ca t ion

NFHCD tells the program whether the components arc
operating at an irregular utili ’ation rate (ye s or
no ; 1 or 0)

MOFH fligh t hours per conipon’’rt p r  mon th , if utili ;-ation
is constant

J i
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M O )TT~ total number of aircraft delivered with the modified
par t

CL,RA Id-: subscripted variable which gives the MTBF , MTBR
to AVIM and MTBR to depot for the old component

• c o n f i g u r a t i o n

EWR~TE subscripted variable which gives th-:- MTBF , MTBR
to  t~ and MTBR to depot for the new component
cc a figuration

NAM2 component conf i guration name

INSCDI if the new component is to be installed in the
fo ld (or at demot), tells the program whether
they are being incorporated at an irregular rate

LEVEL 1 if the incorporation rate is constant, number
of modified parts incorporated per month

M -TL1 if the incorporation rate is irregular , number
of months that incorporations continue

MO/)TT1 total number of field incorporations

MMsTR’r start month for field incorporations

LOCAL regarding the initial inventory leve l, the number
of months ’ of spares that are kept on hand at
each location

LINPIP regarding the initial inventory leve l, the pipeline
length for turnaround of spares

NCOMP the number of aircraft company locations

ACATR component attrition (scrap) rate per 100,000 hours

MOAC subscripted variable (240), wh ich tel ls  the pr ogram 0

how many components are being delivered per month ,
when air c ra f t  are being delivered at an ir regu lar
rate

MOUTIL subscripted variable (240), which te l l s  the program
the u t i l i z ation per componen t per month , when
utili,’ation is irregular

INC 1 subscripted variable (240), which tells the program
how many field incorporations per month take place ,
when the incorporation rate is irregular
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The following six input definitions apply to both the old
item and the new item ; the f i r s t  vari able name per tains to
the old item and the second pert~ ins to the new item .

NDL, the percent of depo t level main tenance
NDLN performed by the contractor

CRATE , contractor unburdened hourly rate (do l lars
CRATEN per hour )

HMM, subscripted variable (3) which gives average
HIVIMN maintenance manhours to repair  the component

at organ izat iona l , intermediate and depot

PARTS , subscripted variable (3) which gives average
PARTSN value of parts consumed per repair of the

component at tAie three repair levels

POLRA , pounds of fuel consumed per operating hour ;
POLRAN this should onl’ be used if ti. change in

the component will change the fuel conie~imp-tion rate , otherwise leave blank

LBSO , component shipping weiqlit
LBS N

NOCPM subscripted vari able ( 2 i / )  for year ly cost
of program management

OHD contractor o-jerhead percent

GNA contractor general and adminis ~rative percent

PROFIT contractor profit percent

XPORTC contractor shipping rate (dollars per 100 lb)

XPORTI in—house shipping rate (dollars per 100 ib)

CJP cost per gallon for fuel (JP—4)

Fl discount rate (%)

The following input definitions describe the suoscripted
variable OUT . This variable name is used for all of the
Army Regulation 37—18 cost categories .

OUT (1) total research and Ie’- ’e lopment  ( R & i ’ )  costs

OUT (3) R&D eng ineering costs

OUT (‘It ) R&D tooling costs

‘ , 3
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OUT (5) R&D prototype production

OUT (6) any other R&D costs not itemized

OUT (7 )  R&D general and admin istrative costs

OUT (8) R&D prof i t
- 

- OUT (9) quantity of prototypes

OUT (11) in—house R&D program management costs

OUT (14) total investment nonrecurring costs

OUT (16) investment nonrecurring advanced production
engineering costs

OUT (17) investment nonrecurring tooling costs

OUT (18) investment nonrecurr ing manufac tur ing  costs

OUT (19) investmen t nonrecurring qual i ty  con trol costs

OUT (20)  any other investment nonrecurring costs not
itemized

OUT (21) investment  nonrecurring general and admin-
istrative costs

OUT (22) investment nonrecurring profit

OUT (24) investment nonrecurring in—house program
mana gement costs

OUT ( 2 7 )  tota l investment recurring costs

OUT ( 2 9 )  investment  recurring engineering cos ts

OUT (30) investment recurring tooling costs

OUT (31) investment recurring quality control costs

OUT ( 3 2 )  investment  recurr ing m a n u f a c t u r i n g  costs

OUT ( 3 3 )  inves tment  recurring  f i r s t  des t ina t ion
transpor ta t ion costs

OUT ( 3 4 )  any other inves tment  r e cu r r i ng  costs not
i temized

OUT (35) investment recurring general an-I acimin—
i s t r a t ive  costs
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OUT (36) investment recurring profit

OUT (38) in—house transportation costs

OUT (39) in—house program management costs

OUT (40 )  quantity of components produced

NCODE tells the program whether overhead is
included in the cost (yes or no ; 1 or 0)

NRDEST tells the program whether to estimate R&D
costs (yes or no; 1 or 0)

NRD subscripted variable (5) for yearly cost
of R&D

NINEST tells the program whether to estimate
investment nonrecurring costs (yes or no;
l or O)

NIN subscripted variable (20) for yearly
investment nonrecurr ing  costs

NUNITC number of units to be shipped by contractor;
use only if first destination transportation
costs are unknown

LBSC shipping weight of component for contractor
shipping cost ca l cu l a t i on

NUNITI number of un i t s  to be shipped by p o ver nm en t ;
use only if in—house transportation costs
are unknow n

LBSI shipping weight of component for in—house
shipping cos t calculation

NIREST tells the program whether to estimate
investment recurring costs (yes or no;
1 or 0)

N IR subscr ipted va riable ( 20 ) for yea r l y
investmen t recurr ing costs

NAME subscripted va r i ab le  (57 , 8) wh ich  gives
labels to the cost categories
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DEFINITIONS OF OUT PUT DATA

ISOR numbe r of sorties required to complete a particular
mission

F I T L I l .  number of f l i g h t  hours for  each sortie

ISORT total number of so r t i--s r- .-q ired for all missions

TFLT total number of flight h ou r s  required for all
missions

MTL maximum number of seats utilized when aircraft is
payload constrained

MLL maximum number of litters utilized when aircraft
is payload contrained

w~s maximum number of ambulatory seats utilized when
aircraft is payload constrained

IDIV number of missions that should be deleted on the
basis of the indivisable load being greater than
the payload capability

MNUM mission number to be deleted

LSIZ load weight to be deleted

TILU flight hours per aircraft per month (utilization)

XREORD mean time to repair (MTTR)

XXQ expected queue length

XXWAIT expected waiting time for men

XXNUM expected number of tasks in the system

XXTIME expected time in the system

xZ probabi l i ty  of no tasks in the system

XTWTIM to ta l  w a i t i n g  t ime

XTDTIM total not—operationa lly—ready—maintenance (NoRM )
time

XON ORW N ) I-/ ~.1 p ’rc- -ri t — .~,
‘ t o no

XON ORT ~-~-I pore- at —t ~ 0 ii



AVAIL avai labil i ty percent

TUIL uti l i zation when u t i l izat ion is so hi gh that it
results in a constant queue

- : TFLT1 baseline flight hours required to perfrom the
mission

TFLT2 alternate flight hours required to perform the
mission

AVAIL1 baseline availability percent

AVAIL2 alternate availability percent

UTIL1 baseline u t i l i z a t i on

U T I L 2  alternate utilization, hol ding avai lab i l i ty  cons tan t

FLTSZ1 baseline fleet size required to perform the mission

FLTSZ2 alternate fleet size required to perform the
mission, holding avai lability constant

ZVAIL2 alternate availability percent, holding utilization
constant

ZUTIL2 alternate utilization

FLTSZ4 a l te rnate  fleet size , holding utilization constant

AVAIL3 alternate availability percent, holding fleet size
constant

UT IL3 a l te rna te  u t i l i z a t i o n, hold ing  f l ee t  s ize  constant

NOLTOT subscripted variable (3) which gives number of
maintenance actions on the old item at the three
repair levels

NEWT OT subscripted variable (3) which gives number of
maintenance actions on the new i tem at the three
repair levels

LOCMF }I to ta l  opera t ing  hours  a c c u m u la t  e l  on the old items
over the life cycle

NWCMFI -I t o t a l  opera t ing  hours  a c c u m u l a t e -  on t h e  new i tems
over the lif e cycle
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NSPARS initial spares required per location

NACATR parts scrapped over the l i fe cycle

OUT subscripted var iable  (60)  which g ives total cos ts
by category for the baseline

OUTA subscripted variable (60 )  which g ives tota l costs
by category for the alternate

COST double subscripted variable (20, 3) which gives
costs by year by category (annual cost, cumulative
cost, present value) for the baseline

COSTA double subscripted variable (20, 3 ) which gives
cos ts by year by category (annual cost, cumulative
cost , present va lue ) for the al ternate

IBRKEV symbol to designate in which year the break—even
point is reached , when cos ts are not discounted

IBRDIS symbol to desi gnate in which year the break—even
point is reached, when costs are discounted

OM subscripted variable  ( 2 0 )  which gives annual
operations and main tenance (O&M ) costs for the
al ternate

TEMP cumula t ive  O&N costs for the a l te rna te

NOLD subscripted variabi~ ( 2 0 )  which gives number of
old items in the f lee t  by year

NNEW subscripted var iable  ( 2 0 )  which gives number of
new items in the fleet by year

NUMTOT total number of components , both old and new in
the f l eet

VEST total investment, discounted

TRR true rate of re turn  on inves tment

INPUT DATA

The following section shows the input data as it was coded
on the forms for the sample test case.
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213 IDu ’ :I~~IS- 1 D (~’)
E l .  79 F L T ? C 3 : F L T 2 C S + F L T
? 1 5  80

C T O T A L  F L I O - 1 1 T I - E
2 1 6  Si  I F L T : F L T 2 C S
2 1 7  ~, P I T E ( b , j I 0 7 )  I S O R T . T F L T
2 1 8  I F C X D I V . E 1 . 0 ) G O  10 90
2 1 9  , .R IT~~C b , 1 0 6 ) I D ! V
220 DO 1 09  J 1 :1,IOI v
2 2 1  10 9  ~,R I T ECb , 1I O ) ’ 4U-’ (J 1),LSIZCJI)
222  90 C O J T I ~JL) E
223 99 FORMAT (////,T8 ,’*** P A Y L O A D  C C N S T R A I ’ C IEO **e ’/ / T 1 0 , ’’~A A  S E A T S  IJT IL

I I Z E D  •— ‘ , I 5 / T I 0 , ’~’ A X  L I T T E R S  • — • . . — — . . ‘ , I 5 / T~~O , ’ A ’ - ( 4 L , L A T ( 4 R Y  S E A T S
2 . .— ’ , 15)

22~ 100 F O R H A T ( 1 , 1 , / / / / / / / / , T8 , ’A I 9 C R A F T  — ‘,?X ,3 A (4/T8,’CLA SS • ‘,I?,
1 / / / 1 8 ,  ‘ P A Y ~. 0 A D  • — • — — — • — — . . . .‘ , I~ , ‘ 4 - B S ’ / T 8 ,  ‘ C - ~u
215E S PEED ( ‘ ‘ ~~- ) ‘ / T 1 2, ’ I N 1 E 9 N A L ‘ , 1 S / T 1 2 , ’ EX I ERNA L  • • —

89
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T I —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 5
,

u I S , ’ S3 .F T .’/I 1 fl ,’ i” -~E R OF S SA T S • ‘ , I 5 / T 1 0 , ’ ) .U M BL P OF L I T T E R
cS — — — — ‘ , I 5/ T 1 2 , ’ A ’ -’~~- j L A T O~~Y S : A T S  — — — ‘ , l S )

~?S 1 0 8  F (1~~~-’ A I ( T 4 4 0 , I ? , ’ ~‘Is SI()- S 8-4 -333 (E OLLETE D c~N B A S I S  OF’/13b, ’I~ 0Iv
IISA 4L E 3 3 - A D S  G3~F4TE R T— A ’ ~~~~~~~~3 - i3  C A ~ - A ~~~I L I T Y ’)

226 110 FO )M41(T443,~~~IS SIC-~ ‘, 13 ,I3 x ,’ 3A D - T  ‘, I S , ’ LB S’)
227 1101 F O R M A T ( / / / / / / / T S , ISS IO0.~~,T 2 O ,’_ EG NU MBER ((F C A R G O  I

I /13, ’N1J T Y P E CLS TYPE ND 31ST P X  LITS POUNDS LOAD SOisT
2 I E S  FLT . ~4 R S 1 ’, /)

2 ? S 1 1 0 4  F O RM A T ( T2 , I 3 ,  1 X 1 3 , 2 ( 2 X 1 3 )  ,2x 12 ,1x 14 ,2C 1x 16) , 1 X 1 8 , i x I S ,  1~ I 7 , i x ,
I F I  1~ 3 )

2 2 9  1 1 0 7  ~ O R M ~~T ( T S 8 , I 7 , 1 X , F 1 I , 3 )
233 RETUR -’~2 3 1  EN D

-

- 

_ 1
~~~~~

,~~5~~’~

4 -CI.

10

L _____
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232 5 iI3 ~4O )T~~.E O J E U E C ~~’ i L  ~~~~~~~~~~~~~~~~~~~ S , O ~~,
)
~F L A 6 , L T 1 L U , Z A - Q A I L ,

1 ZJ T IL 3 ,ZVAI ~~,-AYfl

C— .—— —E XC E SS OF CO - -V ~1/Ffl~ T ((A\ 04k4)S 3 ’t TO I -P 1~T I N STEA D OF CA LCUL AT ED hOR S

C— ”
233  3 I - 4 E \ S I 0 N  E L ( 4~~C 7 ) ,~~T r , C 1 ( 7 ) , \- 4 E A D ( 2 , ~~) , ~~J S C ? , 3 ) ,

I NC~E~ (2,2), T N l v L ( 2 , S ) ,  ~ E . T 1 ( ~~ , d ) , 4~j ’J I T S ( 2 , 2 ) ,
2 xR E O R D ( � ) , x *O(2), X X~~A I T C 2 ), X X N J ’-’(?), X X T I ~0E (2). XZ (2 ),

X T S F ( 2 ) , FA C 1 0 0 )
234 C O M M O N  I L T ( 1 0 0 ) , I N L E G S ( t O O ) , I L G r I S ( l 0 0 ) , I . I S N D ( t 0 0 ) ,

I I V T Y P ( 1 0 0 ) ,  T’ -’ I ’ C i Q O ) ,  I- :PA S (100),
2 I ” L I T C  1 0 0 )  , INCAR(100) , I C L S C  1 - 31 I , I’-LOA3( 11- fl)

235  D A T A  E L O ~~/ 1 , 2 , i . i , l . C 5 , 1 , 0 1  , 1 . I O I , 1 . 0 0 0 1 , 1 . 0 0 0 0 1 / ,
I M IGH/ . 8 ,. R , . 0 S , , 99 , 999 .. )9 )9 ,. 9 9 9 0 9 / ,  99 - ’ E A D / ’ N  0 ‘,‘N 0 ’ ,

~‘ ,‘) S ‘/ ,  1W- -S/’TO 4’, ‘hQ , ‘ , • F S’ , ‘S P A R ’ , ‘ IZ ~.. ‘ , ‘ES ‘I,
3 N C R E ~~/ ’ C P E ~~’ , ’ ‘ , ‘S ‘a ’ / .  INT~~L/ ’ M T T R ’ ,’R EO R’ ,’ ‘ ,

a’OER ‘ , ‘ ,~~T IM E P/ , LE \OT~~/’kO U- ~’,’0AYS’ ,’S ‘ , ‘ ‘I,
5 \ J N(1 5 /’ - E ’ -i ‘,‘SPAR’ ,’ ‘,‘E ‘I

2 3 6  RE AL \JM , 99 ,FA CT M
2 3 7  -N Z F L A G : O
23 5

C 50 P E A l ) (5 , 5 5 ) ’ ~X~~~),~~Th ~~(I ) ,T I~~E X ( I ) , TU TL , A C , N X E 2 ) , X T B F 1 2 ) , T1~~Ex ( 2 )
23 9  50 R E A D C 5 , S 5 ) N A ( 1  ), X T - I F ( 1 ) , T I M E X ( 1 ) , T U IL, A C , Z Z NORS , I ISLR ,LR
2 140 I F ( N F L A G .EQ .0 )  9 9 X Y Z :TL IIL
2 14 1 I F C 0 ~F L A G .E O . l)  T U I L : - X Y Z

C 55 FD ’ A T ( I 2 , F V .4 ,~~~.2,F 5 _ 1 , F5 . 0, I’ ,~~9 ,4 5,F6 .2)
55 F O R -  T ( ! . ~,F 9 .44 ,Fb .2 ,F5 ,1,F5. 0 ,F4 1,231 )

2 4 4 3  1 I” Ex ( t ) : 1 , / T 1 - ~~x (~~)
0 T I M E x ( 2 ) : l  ./ T I ~ E X ( 2 )

2 ( 4~5 N D T F L G ; 3
C IFC rJ * (1 .GE ,Nx(2 fl N~ NT:Nx (I)
C I F ( N x C 2 ) . GE . U ( 1 ) )  Nl< N T : N X ( 2 )

2145 N S ’ 4 T : NX C I )

2446 CA LL FA CTOR(N XN T, FA)
2 141 G O TO 7 0
2 is9 60 T U I L : Z U T I L 3
2149 NE~ FLG31
2 50 70 DO ( 4 2 0 0  K L~ I , 2
2 5 1 I F ( I ~L . E Q , 2)  GO TO 4200
2~~2 UT I L :TL I I L
2 5 3  i I ME~~T I M E X ( ( L )
254 jF(~~~L .E9.2) T I~1 E ; T I M E X ( S L ) / 2 ( 4 ,
25 5 N S N X ( K L )

256 I I L U= UTI L
257 ! F ( N .EQ . 1) GO TO 1 0 0 0
2 3 5  R E O P D R : ( I , / T I ~l E ) / 2 ~i .
259 1 8 R : 1 . / ( 5 7 2 / ( A C * U T I L / X T B F ( K L ) ) )
260 I J I I L : ) T T L * A C
2 6 1  L I- NES: O
2 62 ULA ~~~T 5 0 / T I - 4 E - 

-

263
26(4 SU MI I , , UL AM
265 I F ( N . EC . 2 )  GO TO 1 1 0
266 00 1 0 0  I A ? , ”
2 67 u M : F A ( I )
268 A U L A M 3 A L O G ( U L A I - 1 )
2b 9 A U L A M : A U L A ’ ~* I
270 DU~ :AULA ~~—U M
271 IF(D u M .G T . 1 7 4 ,673 1 GO TO 115
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C 2 72  S 3 4 C - , - 4 : A 3 -~O ( S j )
2 7 3  S I L C ~~< : S u - C ~~~ .3U~
?~~~~ I F (S I Z C~~~~~.oT .I7 1 4 .67 3 )  00 73 1 1 5

27 5  D~~
-
~~ E ~~ CD U—1 )

27~ 100 SJ’~~3-~ ~~~~~~
277 11 3 XL IL A ” :ALOG( JL A’ -~)

A LI L A : A iL 4 M a

2 7 9  U ’ : F A ( N )
280 XNX :N  - - .~~

2 8 1  *Y Z : ..* 1 I .A E_ T i3 P
C.....P O T F ’ ~1IA L INF IN ITE 0oE ~~E

2 8 2  I F C X Y Z .G T .O )  GO 11) 1 13
283  I F CN F L A G .E G .0 )  GO TO 5026
284 ,~R J T E ( 6 , 5 I O O )  lU L L
28 5 \ 1 3 1 0 0 0 0 0 0
2 86  GO ’ 13 ~sA00
281 1 1 3  IEM P :— J-’, XULA M ,ALOG(X’JX )+4LOG (TIME).ALOG((XyZ))
2 A 8  1E~~PA E X P ( I E ” ~~)
2 R9 Z z 1  . / C S 1 J 1 . T E Y P )
2 9 0  00 T O  120
2 9 1 1 1 5  Z O . 1 E — 7 5  

CA LCUL ATE REPEATED VA LUES
D U E J E .  1

292 120 J L A ’ . (A L - 4) C U L A ” ) ) * N

2 9 3  )LA’A2: CN *T I ’E .IBR) **2
29~ FA C T’~ FAC ~’)

: — — — — — ~ ~~-~~~~O T E 0  - L E N G T H
O J EUE 2
x D:-1300 (TB)) +ALOG (Tt~iE) + J3A V N +ALOG (Z).FACTM .ALQG(ULAM2)

297 I F C X D .LT .O) GO TO 5 0 2 6
O E A P E  C l E F )  N U~13ER 3- F UN ITS IN T~-lE S Y S T E~
O 4 -EL- ~ 3

2)5 X — ~J ” ;X 1 + J L A M
C EXP E C TED ‘~A ITING TIME CF AN A R R I V A L
C 0 ,- JE IJE (4

2 0 9  x~~A I  13L LO4) C T IM E ) .ULA ~1N+ A L O6 C Z ) — F A C T ’ ~— A L L 4 G CULA”? )
300 x .-~A I  1 :E X P ( X ’ 4 A I T )

:..—.. E x ø & C T E O  T I M E  A -N A R R I V A L  S P E N D S  IN  THE SYSTEM
O 0.JEUE S

3 0 1  X T I M E : X n A I  + (  1 / T I - ’E)
3 2 00 T(4 1 0 1 0

C IF ~:I
303  1 0 0 0  A O 3 C T B R * * ? )  / C T t ” E *  C ? I ’ I E— T B R )
30 4  X h U ’~: T 3 R /  C T1’~~— T~ P )
3-4 5 x~~A I T : T C ~~/ ( T I ’ E * ( T I ’ -’ E . T A R ) )
I ’ S

33 7 Z A t . ~~( T ~ -~/ T I ’ E . )
4 3 0 5  1 0 1 0  R E- D ’~2 — : ) E O ) D R a 2 4 4

C 0-~E U E S
3 0 9  X F A I L S : J T I L / X T I 3 F ( K L )

C GJ E U E 7
3 1 0  ~~~~~~ : X - 9 9 A 1 1 * X F A I L S

O O J E LI E  8
3 1 1  T 4 7 1 V E X 1 1 5 ~A~~A I L 5
3 1 2  I F ( X L . ~~’( . 2 )  T D T I - E : X , -.~~I T * A F A I L S

C 100ELE 9,10 ,21
- - 3 1 3  Di ) N 04 T ,~1I “~~ / (A C  *244 * 2 8)  .1 00

3 1 ( 4  OO’~O-~T :TDTI’E / (ACa2is *�8)alOO

— - --- ~~~~~~~~~~~~~~~~~~~~~~~~



-~~~~ _ 
—~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~

3 1 5
3 1 6  P ; T —

~~ I ( ~~~* T I E I

~1 1
3 1 6
319 1:1
3 1 - )

3?I
322  IF(N .E i .1) GO ’ ¶0 !’ 1 1 -3
323  4 4 1 0 0  C 0 N T I ~~~E
3 2 4
3?5  X X 3 ( K L ) : X O
32~ x * - . A I T ( X L ) : X . - A I T
3 2 7  X X N U - ~ (~~~L ) 3 X N ~~~M

X X T I A E (X L )~~A 1 I . E
A ? ?  IFC ~~L. EG ,2) XA T I E (i<L );X .- A I T
3 0  X Z ( X L ) ~~Z
3t x l  ~~~~~~~~~~~~~~~~~

3~~2 X T D T I ’ ( K L ) : T . O T I - ’ E
3 3 3  X O M O ) t - C X L ) : - 0 3 ’  o~~.
33(4

3~~5 44 2 0 0  CP~ 1I
0

3 3 6  T 4 )T 1-T:Al ~T I- 1 (1 )
C (4 - J E U E 12

331  A V A I L : 1 O 4 ..C I L 1 T I T / (H72 .* A C f l * I O O .
3 3 5  Z V A I L 3 ~~A ~~ I L _ 7 Z N O ’ L 3
33~ IF (~ - E~~F I ~N . E - . 1) 00 T i ~- 1- O0
3— 0 I F C r . F L - C 4 ) . N~~. o o  0E3 4 ) L : I C T D T
3 - 1  I F C F L A O ’ -. E O . 3 )  GO TO
S — U  IF(’ Z~ LAG .ED .1) GO TO ~ 3C- D
3~~~3 Z TI L 3 Z T J IL
3 ; - .  Z A V A I L  : A V A I L . Z Z N C P 5

N ZFLA G 5I
3 U 5  ( 4 3 0 0  D E S D T : D E S \ C L ~
3~~7 N13 T 31D1 * 10 ,

‘. 2 : O E S D T a I 0 ,
t F ( r ~1 . EC .~~2 )  G O ’ TO 51-21

3 50 GD T O ( ( 4 5 0 0 ,  00,~~~O - ) , b 3TF30

.—— .. DO!9N .1I- ’E L0’~ER 1 — A - ’  D E 3 ( ~~E) 3 -N F IR ST PA $5
351 ‘4 4 00  I~~(N 1. Gl .N 2) GO TO (4 800
352 ufLsA-1 :TuIL
353  ‘ J D T F L r . : I
3 5 4  X N 1 D L ~~~1
3 5 5  11500 T F ( N 1 . L T . - 2 )  G O ’  TO 550
~~~ 44 525 K4TDLT :~~’- T DLT+ I
3 5 7  UT L NE ‘ - LI) 31 L * E LU ~ C X  N TO L 7)
3 55  60 10 ‘.~~75
359 u 550  UTL NE , LTLSAv *LL c ;- ; (~~N1DL1)3 6 0  O L D U T L : 1 J 1 3
36 1 4575 T tJIL :- J TLbE ~
362 UT LS A ~~~1JI L
363  GO 13 70

C.....DO.~N TI’F HIG~iER THAN D ESI R EO ON F IRST PAS S
38 (4 4800 UT L S A V 3 TU I L
365 N D T F L G A 2

4 366 ~N lD L T 3I361 (4 900 IF(N1. &T .\ 2 )  GO TO 4950
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370  G~ 1) ~~ ‘S
371 qc,Q ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
372 3 L0 L l- ~~T -JI L

C 3 7 3  ~) 7 5
3 7 1 4  UT L SA V ZTUT L - 

F “375  00 TO 70 .: )~,~~J * _~~ 

~~~~ I N’04 ’  A ND ‘~3R5 OUT PUT
:5020 x~ EO)0(’)~~x—E O ’ - R7( ?)/214

37 6 5 0 2 0  C O N T I N U E
C ~R I T E C b , 5 0 7 1 - )

377 03 5025 1:1,2
3 7 5  I F C I .E O .2 ) Go T f l  5 O? 5
379 .~9ITEts,50 33) AC, TIL L
36~3 ~RIT ~~( 6 , S 7 1 O )  X T N F ( I ) ,  C N U ’~S ( I , J ) , J ~~1 , 3 ) ,  N~~( I ) ,  C N C ~~e~~ C I , J) , J : 1,2

1). ( I ~- T v L C I , J ) , J ~~I , 3 ) ,  X~~E3R)(I), (LEN, T—( I, J ), i;1,2), x XOCI),
2C N 3N I1S(I ,J),j~~1,2), A1 - .~A~~T CI ), X X N U - ~C I ), X I T I -’E (I), XZ (I)

351 ~~ITE (b,5 Q 15 ) xT .- T IM CI ), X TDTIM(1), X O ’ -.OR.~(I), XUNORT( 1 )
352 5025 CO ’’,T INUE

C G - E U E  12
A~ ’ - 1 - I L ~~ A V 4 l L — Z Z ~~ 0 R S

3~~ ‘~R I T E F b , 5 1 - 1 7 )  Z Z , O R S , A V A I L
PIlL J~~T IL I

3 6 D  P A V A ~~L~~A v A I L
I F ( N ~~L A G . E . 3 . 1 . A N O N E . - R L G . F~3 . 0 )  63 T 0 60
I F C I ~~ER ,Ei .I.A - 4 ) ,L k .EO .t )  3 0 1 0 7 0 0 0

3 8 9  I F ( I s E 9 . E r ~. 1 A N O . L R , N E . 1 )  30 70 50
393 60 70 60 00
39 1 5026 ~R 1 T E C b ,5 0 7S) 

FD )’-Al ST-1TF~~E -’TS39 2 5 000  F O R M A T C I M I )
393 50 10 F O R ~ 4 T (  TS , ’~ E A N  T - ~E B E I — E E N  M A I N T F , A - \ C E ’ ,

I T 3 6 , F~~2 . 44 , 31 - , ‘~~O ; R S ’ , / T 5 , S - A44 , T 3 6 , L S , 7 X , 2 A ~4 , /
2
44 15, ‘Ex PECTED N~ E;-E LE \GTN’ ,T39,~~9.’J ,2X, ‘ T 1 - S X S ’ ,/
5 T 5, ’ E x P ~~C T E )  , A I T I ~~G l IV E  F O R ‘,� -A 14 ,T 3 9 , F9 .14 ,2A ,’PIUU R S ’ ,/
8 T5 , ’E X P E C IE D  - .14 . ¶ A 3 c 5 ,  IN $ TE- ’,139 ,F’~,~i ,/
7 T5,’Ex PECTFO TI~~F TN SY S T i :~l’ ,T 3-; ,l-9 .z4 ,2 X ,’$U LIRS’ ,/
8 T5 , ’PPOBA3ILI TY (T~ NO T A S ~~5. I~- S Y S T E ”’,T~~1, F7 ,14)

394 5015 FD )MA T ( T5 , ’ T O T A L ,-- 1 - I T I N ;  T I 9 9 E ’ , T 3 S , r I 0 ,4 ,T50, ’RUU RS ( F A I L S . x
IEX P, ~A I1  TI~’E)’ ,/TS ,’TO’A L D 0 9 9~ T1~~E ’ ,T38 ,F 1 O .4,T50, ’Hfl uR 5 ( f- A l L
23. X EXP . Tt ’-’E IN S -~S.)’,,T5, ’,OR ~~— ,A I T I N G ’ ,T38 ,F 1 U ,44 ,T50, ’~ (T O
3T . WA I T  T I ” -E i’PI A C 1 - 1 -3. ~4~~S ,)’,/T5, ’NOQ — T U I A L ’ ,138 ,F10 .44 ,l’jO,

~~ C 131 , D O h N 4  T I ~ ’ . / T 0 T  C~~L .
3 9 5 5 0 1 7  F D R M A T ( / I ~ - , ’ N C P S  — C I N P ; J T ) ’ , t I S , F 1 0 . 14 , T 5 0 , ’X’ ,

1 // T- ~,’4-,,A 1 L 4 H I L I T Y ’,138, F1 0 .44, 150, ’Z’)
3 9 6 5 0 3 0  F O 9 M A T f  / / / / T 5 ,’N U 1 E 3 E -~ OF A I R C R A F T ’ , T (4 0 ,F44 ,0 ,/

I T 5 ,  ‘ U J I L I Z A C4N’ ,T40, Fb ,2, ’4X ,’HR S/A C /M O ’)
397 5 0 ( 4 0  r r ) R ” A T ( T 1 0 , 1 3 , T 1 1 1 , F 7 . 11)
395 5050 F O R M A T (T u 1 , F7 .44)
399 5 06 0  F O R M A I ( / / / T 5 ,  ‘DESI R ED N0R’ ,2 X , F 7 ,14 , IX , ‘Z ’ ,/ / / )
‘41 - 3 5073 F0R~~A T C 1 H I )

~ O 1 5 0 7 5  FOR M AT (1 P-4 1, /// 13, ’a*. INPUT PARA ~ ET ER S RESULT IN CONSTA N T OUEoE ,’,
1 ‘ E x E C u T I O N  STOPPED . ‘, // )

£40 2 5 100 F O R H A T ( /  TQ 0 , A T 1 E ’~PT ED UTIL, OF .F5, i,’ -4R 5,’,
j / T q 0 ,’IS TOO 4 IG P-l ’,/ )

£4 0 3  ST3P

1 4 3 4  ~~O 0 O  44! T l J R r .1

~05 7 .100 513P
4406 END
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PRODUCT IMPROVEMENT PROGRAM EVALUATION .(U)
IJUN 77 S J BLEWITI OAAJO 2—75—C—0020

UNCLASSIFIED 0210—11146—2 USAAMRDL—TR—77—17 ML

N



S i  : ) J T t ~~E F~~C~~O~~(~~, F A )

~~~~~~~ F A ( 16~~)
~O9 C 2~~~~ IL.T (IO0 ),INL ~~GS (100),IL IS(1~~~),~~~IS~iD (10o),

I !‘~T yP( l Q ~~j, I’~’(t00), I~~PAS(l00),
2 ~‘~LIT~~1O 0) INCA R (100 ) • ICLS(iOO) ,IML~~AD(100)

410 F A C t ) : 0 .
00 10 ~2,N

41 ?
4 1 3  10 FA(t ):FA (I .1),ALOO (X)

~ETUR~
END
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S~~~~~~ T 1~.U ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘41 ~~ J T - t ~~.S 1 IY \  ~3~~~~2 a O 3 ,  M C ~J T I L~~d 4 0 , i . c I ( 2 ~~’) ,  r N C2 o ) , ~~.~M u 3 ,
I I~~C 3 ( 2 U 0 )  , O L P A T L C 3 )  ,~~~RA T E C 3 ) ~~~~~~~~~~ ~) ,‘ L. ” E n ( 2 O , 3 )  ,~~Ot.~~r ) T ( 3 ) ,
t NE ’ 1~~T (3) ,NF~~YR(2Q,2 ) ,FACT3 ~~C20 ),NOL (20 ) •.~ E (2O ) ,~.Y12 )

A l e  c~~~’~~’ l L r ( , o o ) , z N L E G s c l o 0 ) , Z L r , r ) I S C 1 O D ) , 1 1s~ D ( 1 00 ) ,
I !~~TY2 (10fl), I~~~(l00), ~~P~~5(jOO),
2 I~~L ITCt0 ~~), I~~C ARU0O) , CLS (100),IvLUA D (1~~3)
DATA ~~~/‘ Y ES’ ,’ ~D’/ ,M O A C / 2 ~~O * 0/

420 00 3o~ 1:1,20
‘121 00 3o ’~ JzI, 3( 122 I F C J . ’JE .3) N F~4 y P ( I , J ) : O
‘123 NU~4 O L C I , J ) : 0

~2’1 300 NU~~~~(I,J)~~O
‘.23 PEAfl (5,’400 ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A NFHCD, ’.’OF~1,
I ~~ D~~T ’. , 10L~~A T F C f l  , A T E ( t ) , I : j ,3 ) , NA~

4
~

PEAD (5,a iO ) rJSCt)~ ,LEV EL 1, MEVE L 1, NUD TT t, 5T4T ,LOC .~...LI.PXP ,
I A~~A TR ,N~~O~.’P

‘(27 IFl LO CA L . E~~.0) LrC~~L:t
I F C L I ’.21P .ECI .O1 1 \P I P : A
IF (4CA TP .EG .O. ) 4C~~T~(:2.
1F( N D Lv ~~D .E~~.O )  NDt.. v C r ~:2

‘.31 IF (NDL ~~~D .EQ .0 )  ~L..”~~;2
“32 XF (NF~~C().E~~.0) NF~~CD:2
~33 I F C I ~~SCO1. EQ .~~) INS COI :2• 4 3(1 I Y R ~~M O N T ( 4 S / 1 2

• ‘~35 OL~~Te4 F OL~~A T E C 1 )
E,)~lT~~F:E qATE11)

‘.31 400 FO RMA T (33,j4 .!1,12,13,II .13,11 ,13 , I’ ,b (F7 .1 ),3A4)
4 3 3  410 FO~ MAT (Tj,2I3,I4 ,t5,2~~~.~~b ,?, Id)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I M Q 5 7 R ~~, ~J y ( ’ F H C & ) ,  M UFP I

~R I T ~~(b , 2 0 O 1 )  ~DDTT4 , NYCUNSCOI), LEVELI , ~EVEL1,
2 M O D I T I  , M~ S T P T , L O C A L , L I N P I ) , A C A I P ,
3 (OL~~~T E CI ) ,E~~’.ATE(I) ,IZI,3~

C
C t~ DELIVE 4IFS ~~ E AT 8 C0~~5T~~’JT ~A TE

IF C N D L V C D .EQ .t ) GO T~ 52~
442 IF(MQS .EQ .O) GO TO 575

00 5O~) 1:I,~’O3
Q A A  500 M O A C ( I ) Z M O D L V
445  GO TO 575

C.—...1 D E L I V E R I E S  A R E  AT AN t R R E r , J L A~ P A T E
‘ .‘ .b 525 (~~~O 5 / 2 U

L~~~23
‘ .4 9
‘.50 IF(K ,LE. o)  G~ 10 550
‘(5 1 DO 535 1sI, K

L ’L~~2U
45 3
‘.~~~ 535 R E A D  537 , C~~C A C ( J ) , J :L , ’~)
3~~5 53 7 FOR ~’A T ( 2 b ! i )
‘5b 550 L’L~ 2M
(157
458 R E A D  537 , ( U D A C ( J ) , J $ L , M )

C.... 11 F L Y . ~‘RS . A R E  AT A CONSTI ” I T P A T E

~59 575 j~~( N F ~l CD ~ E~~, I )  GO TO ~25
‘lA O DO bOO !:1,~~C J T ~’S



--

““ 1  or~o 
Y 1jTtL (I):~’3F~
GO T O b75

• C — t~ F~~T , iRS . AP E A l AN IRR EGU LAR RA IL
.4b3 625 ~:~ O’, TP1 S/2L (

~~~~~~~~~~~~~~~~~~~• L~~~23
• “:0

iF ( I~.LE .O )  GO TO b50
‘169 00 63 5  ~~~~~( 169 L L + 2 ~

0
4 7 1 635 R E A D  537, (MQUIILCJ) , J :L , ”)
4 72  650 L~ L. 2 Q
673
4 7 ( 1  R E A D 531 , (~~O L J T j L ( J ) , J ~~L, M)

C I ‘~ S T A L L  A l l  C ~ S
C 

C O N S T A ’ ~T R A TE — L E ’ J E L  I
‘475 6 75 I~~( I .S C D 1 . E~

) .1) GO TO 725
(176 DO 7 0 0  I~~l,~~~ .T ’ IS
(17 7 700 INC ICI ):LEV ELI
47 8 GO 10 775

C I’ 1REGi JLA R R A T E
‘179 725 K : ’~E v E L I / 24

~ Q E M~~V~~V ELj ~~~K* 2 4 )
‘4 81 L~~~23
‘4 82 M~~O

GO TO 750
DO 735 I:I,(~

485  L~~L + 2 4
‘.86
487  735 R E A D  537 , ( I N C I C J ) , J : L , M)
(158 750 L~~L+� 4
‘(39 M * M , p ( R E M
49 0 READ 537, CINCI (J), J:L,M)
‘49 1 775 L.ODFLS O

NE,(FLS:O
( 193  LOC MF~

.
~:0N.~CM FM:0

(49 5 LODR E~~:8
4 9 6
44 9 7 NA C NA C S T R
(198 IT~1SOL :NACSTR
‘.99 Il’4S~.~~:O

C_ .. .MA JO R  LOO P — C~~Cr~T~~S)
500 DO 100 1 J:1,~~flNTh 5C . . . — . A I R C P A F T  STILL REINC. DELIVE R ED
50 1  IF (J .GT .MOS) GO TO 895
502 NAC :NA C .~~flA C (J)
5 03  IF (J .L T .~~DS TPT) GO ~O

IF (MODT14 .L E .0) GO TO h(
~O

5~~5 IF(NOL~~MD .E~).l ) IT’ Sr~w :IT~~S\A ,MOA C (J)
506  88 5 MOOTl4:’~ODTT ’ .—”OAC(J)
507 890 IF(NDL~ MD.~~E .I) IT”SOL :ZT MSOL 4MOAC(J )
508 IF(NDL,IMD.EQ .1 .A N D ,MOSIPT ,GT .J) ITM$0L~~IT MSOLGM 0AC(J)

C.~~~~e F L T .  ~IRS .
C P4 C OR P 1, 3

• 509 895 L 0O 4 Z I T ~I S O L * M O U T ! L C J ) + L 0 D R E M
510
511 LO C MFP ~:LOCMF~~,( I lMSO L* M0 UT I L ( J ) )

97



512
C —  F4 IL~: RES

• C ~~~~~~ 2
5 1 3  V L D F L S : L O ) F M / O L V T A F
51’1 L0DPE~’~ L O D F ~~.C .lLDFLS~ OLM TBF)
6 15 L~~O F L S : L C ) F L S + M L D F L S
516 I F E ~~~r8~~.G T .o GD TO 8950
5 17 .~~.~FLS :O
518 GD 13 8951
51 9 8950 • .~FL5:N FH/E MT bF
520 8951 NARE v : 1 FH. N.~~Ls* E.~uIBF)
521 NEj.F LS:NE~~FL S+MN,.FL3

C.— —— — Y EA R L Y  FA I LURES (C u~~)
522 Y R ~~J / 1 2 ,
523  ~y4:yR /
52 4 R E’1r~~P— ~~Y P

t~~(’1E’1.~~E. C )  ~C TO 898
• 526 DO 897 L :1,3 /

627 IF (OL2AT E CL) .LE .C) G O T O 8 96  /
523 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5~ 9 896 IF (E ~ 2 A T E ( L ) .LE .0) GO TO 891
S3~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
531 897 CO~J T I’~uE

C Y E A R L Y  FLT .-~R3 .
532 I~~~~ Y ’ 4 ,E O .I) ~cM yP ,1):~~D:~~Fi~
53 3 IF(~’ yR .E .1) ‘.F~,Y 5 C A ’ V R ,2 ) ; \ \ C 1~~P.
S3~. I F ( ” Y 4 .’~E. I)  ~V 4 Y R ( ’ ~Y R ,1): _ J 4FM. LC P~~EV
535
536 LO PR EV :LD ’~”
537

C I~~C OR ~~J P A T I3 \S  0’. I•S 1~~L L 4 T I 3 ~~S

533 B~~ A F C M 3 D T T 1 . L E .0 GO ~~ 9 1 0
53~ , I F C J .L T .’I~~5 T R T )  00 T~~ 910
S~~ .‘ I F C I T ” S ~~L .L’ .! C 1 C J f l  ~ u 13 905
5~~i / ~~~~~~~~~~~~~~~~~~~~~~~I T M S C L ~~I T ~~~~~~~~’• 1 ( J )

GO 70 9 1 0
_~~~~ 5’.S 905 !Y” 5~~

, :TT~~S .,+1~~’~~0L
.Y C D T T 1 : Y O~~7 T 1 _ IT M 5OL

5’.7 I1”SOL :0
5 4 0  9 10 C O N I I UE

!F RE~~• E0 ,0 ~0L ’’ .9 :1Y ~1 SO L
550 1001 IF (QE ~~.r ; . 0 )  t

ssi ~A C 2 !T~~3~~L +IY V 3 \,
:....FAIL 9LS 8Y ~~ ‘.R (NO T C U M)
C INC C ~~P 6

55 2  30 1005 ls l,3
5 S 3  ~~L T 3 T ( I)Z 1J~~O L ( 1  .1)
65~ 100 5  NE ~.T 3 1 ( I ) : N u ’ E . ~ ( t , Z )
555 ‘~:f l

~~~b t O l D  N.N—1
1F(~~.EQ ,1) GO 10 105 0

555 00 1025  I ’ 1 , 3
559 MJ~~~1
56 0 NU~~O L( P , I) zN U MO L(N ,I). .UMO L( ~~,I)
561
562 X r CN UM OLCN ,13.LE.o) ‘.I.r’OL(~~, I~~:0
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:i 5 6 3  I~~(’  ~~~~~~~~~~~~~~ ~n ( ,1):fl
5 6-4
5~566 tC? S CO.T1 j[
Se, 7 G i  T O  1~~1~ 1
5o8 1050 \TDT :L~~C ’F- ,., .-,C~~~

C— .——— C A LCJL A TC SPARES A’.D A T T ’4IT E D A C
C I N CO ’ 1~ S

569 I F C L F L A G .E0 .1 ) NA CA T R: LOC ~l~~4/ 1C ~~0O0 .aA C 4T .~
570 IF(L~~LAG .E0 .2) N4CA TR: .~~C~~F.4/1300 00.*AC AT 4

C I ’ J c 0 Q ~ (4

• 571 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• .572
5 7 3  SP A~~S~~0 ,
6 7 4  I F ( O L R A T E C 2 ) . GT . 0 )  S P A R 5 ; S P ~~H R 5 / O L R 4 T E ( 2 )
575 IF(~.E~~TO1(2) • ,E .0.AN .E’~RATE (2) •GT ,n ) SPANS3SPPNR3/E,~RATE(2)
576 55P4’(S:SP A R S
571 IFC~~SP4RS .LT ,~~CO’~P) 00 70 1100
578 IFCN5 PARS .EQ .\CO~~P) GO TO 1200
579 3PAR ES :3PA ~~S/’.C3’P,.5
583 .N S PA R S :SPAR E S
581 GD TO 120 0
552 1100 N5P4R 3 :N CO ” P
583 1 2 0 0  .~R I T E ( 6 , 2 1 0 0 )  ( N O L T O T ( I ) , ~~E~~Y Q T ( I ) , I : 1 , 3 )
584  ~R2TE (b,2050) LO C M F-~,~~’.C~~F~4
585 ~RIT~~(6,20b0) I4SPAP S, N A C A T R

C FOP’~AT STA T E .EN T S
586 2000 F D R M A T C I H I , ///T?, ‘~

b O D I F ICATIO\ INCORP O RA T ION DATA — ‘,3A’l,
A / / / T 3 , ’I N P U T S I ‘,

I //T3, ’NO. OF ‘O.T- ’ 3 I’~ SIJDY ’ ,T35,I4,
2 /T3, ’NO , OF C O~~POl .ENTS IN FLEET ‘, T 3 5 ,I44 ,
3 /T3, ’IPPEG , DELIVER Y P’.IE 7 ‘,T3S ,1A ~~,

/T3, ’IF CO N S T A •T , O EL I 9S . PER ~O , ‘,T35,I4 ,
5 /T3, ’NO . OF NT~4S ‘,T35 ,I’.,
6 / T 3 , ’’ .C DE~~IvE ’ .~~ ~ITk ~OD 7 ‘,135 ,IA .I,
1 /T3, ’STA 4 1 ~ j J T ~-~ ‘,135 ,IA ,
8 /T3, ’IRREG . ~TILI Z A T I 2  ? ,T35 ,1A44 ,
9 /T3, ’F~~T , lRS ./C OM P ,/~~3, ‘,T 1 5 ,14)

587 2001 F3~~’A1 (
A T3, ’IOTAL AC DE L IV , v~IT-, ‘~JD ‘.735 ,144 ,
B /T3, ’IR REG , FIEI.O ‘~~~ j 0 ~~P, R’.TE ?‘,T~~5,1 84,
C /T3, ‘IF CO NS TA T, I”COR PS . P E ’ ~Q , ‘ , 1 3 5 ,  1.1 ,
0 /T3, ’TF IP~~EO ., Jr1 • OF ‘~3’J T~~S ‘.13 5,1 (1,
E /13. ’TOT AL IN CORPOR A TED ‘,T35 ,I4I ,
F /T3, ’STA PI ~UNT’4
F /73,’QTY. SP’1R~~S CM HAND .735,14 ,’ ~‘ON1HS
F /13 ,’GTY. PIPEL IN E SPA RES’ .135,1’.,’ ~ i~~$’,
F /13, ’COM P. ATT ~~. RA TE/ 1 O CI000 iRS .’,T38,Fb .2,//
0 122. ’OLD lYE’- NE~ I1EY’ ,/T3 ,’vT~~c ’ ,T?3,2CF7 .2,4x ) , / 1 3 , ’ M T S R  TO
H A V I ” ’ ,122,2(F8.2,3X),/13, ’”TB H 10 CEPOI’,T22,2 (F8.2,3X))

538 205 0 F O R M A T (  / T3, ’FL T . HRS. ,T22,2(I 8,3)())
589 2060 FORMA I(//T3, ’INIT . SPARES RE Q. PER LOC ,’,T29 ,14,/T3,

I ‘COMPS. A TT PITED’ ,T2 9,I44)
590 2 1 0 0  FORMA I(/////T3, ’O U I P U T S ‘,//r22, ’0L0 ITEM NL~ ITEM’ ,

I /T3 , ’~IAINl, ACT IO N S A T ’ ,/T3,’AVU ~i’,T23,2 (Z7,4X),/T3, ’AV jM’,
2 123,2( 17 , 4 X ) , /13, ‘OE POT ’ , T ?3 , 2 ( 17 ,4 4 X ) )

• 591 RETURN
592 END

99

~
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• . .•



-- -

593 S (~~~JT I •~ ZC fl ST (L’0L,’~ ;M E - ., M 0L T fl T ,NE?.TOT ,JFLAG, LOC ~~F1 ,N~~CM Fk ,
I O U I , C ) S T ,~~F , Z r l , V V ~~S T , N ~~~~ Y f-~, T ’ P P )

5944 C O M” ) N  ! LT ( 1 0 0 ) ,  I M L R G S ( 1 0 0 ) , I L G P I S ( l O O ) , I ” I S N O ( I 0 0 ) ,
I !“TYP (lO fl), I”D (t00), IN PAS CIOC),
2 I~~L IT(t O 0),I ~~C A R ( I~~O ) , I C 1 S C 1 0 C ) , I  ~LCA D (100)

595 OI E SI 0’~ ~~~(3) ,PX R T S  (3),~~~~~ (20),OUT(80), NCODE (5),FACTOR (20),
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ NOLTUT (3),MFnTOT(33,
2 i’1”~~C 3 )  ,PA R TS~~C3 ) ,N .~~0LC20, 3) ,N JM E 4~(20,3 ) ,COST(20 ,3) ,ZO MC2O),
3 R A T L 4 ~~C 3 ) , N Y ( 2 )

596 DATA ‘lY/’ YES’,’ NO’/
597 DO 20 11 1,60
598 20 O U T ( I ) ;0 ,
599 D O 25 1: 1,20
600 30 25 3:1,3
b 0 1  25 C C S T ( I , J ) : 0 .
6 02 v V E S T . 0 .

C READ OP E R A T I O N A L  COST DATA
C
C SU FF IX C:CQ’T~~A CT, I:T’ —H OJS~~, O :OLO ITEM , N:NE~J ITEM

803  ‘ ( E A D ( 5 , l O O )  ‘OL,CP ~~TE, ’” ’~(3 ),PART S (3),PA PTS (1), HMM(1), POLRA ,
I P A R T S  (2), ’~’-° (2),LBSD
POL .. OL

605 POL~~PDL/1O Q •
806 PDLR~ :POLRA /6.7
607 ~E AO(5, 10 0 )  \OL~~,C R A T EN, H’- l ’N( 3)  ,PART SN (3),PARTSN (I ) ,hMMN~~j),

I ‘.3LRAI~, PA RTS’(2),HY-4N(2),L$SN
608 READ(5,10S) NO C P~ ’
b 09
610
611 PO L \~~P O L R 4 \ / ( 4 .7

C~~~~— .9E A D CO’ J STA NT FACTORS
612 REA D( 5,1 10) OHD,GN., PROFI7 ,~~PORTC,(R ATLAB (I),IRl,3), XPORTI,CJP ,F1
81 3  I F ( O. ’ 1.E O . 0 I  OHD: 181 .
b l ’I IF(G’•A .E~~.0 ) GNA :17 .
615 IFC P ;~O F IT .EQ .0) PXr ~~IT :1O,
82 (4 1 FC X2 RTC .E0 .O) kPURTC ~~l 7 ,
oIl IF(PA TLA3( 1 ), E~~,0) RAILAN(j):10 ,

IF( . ’ 1 A T L A b ( 2 )  .E0 .0)  P A T L A 8 ( 2 ) . 1 I.
619 I F C R A T ..AIX (3) •EQ ,O) P A T LA ~,(3);13.SO
820 IF (482 (T1 .E0 .0) XPORTI:13 .
621 I F C C J P.EQ .0) CJP:. 5
622 I F ( F I . E 11 .0) F!:lQ.

C PPI~4T t~~’JT
623 I F C J F L A G .E 1,. 0) ‘~~1T E C N ,2000)
624 IF(JFLAC ..ED .1) ~R ITE (6,2010)
625 ~~ I TE(b,fl0O) O H O ,  0 N 4 ,P R C F I T , X o C R T C , X P D R T I , PA T L A B , C J P ,FT
626 i .RITEC6,2200) NDL , NDL l.,CRA lE, C R A TE ~~,~~MM(3) ,HMMN(3),HMM (I) ,HMM N (t )

1 -‘ ‘4~~( 2 )  ,~~A - i N ( 2 ) , P A R T S ( 3 ) , P A R T S , ( 3 ) , PART S ( 1 ) , PA R T S M ( 1 )  ,P A R I S C 2 )
2 P A R T S N ( 2 ) , L I 3 S O , L O S N , P O L R A , R O L R A N

627 0 1 0 : O W D/ 1 0 0 .,1,
628 GNA:G~~A /10O .
62 PRO F ITI PRO FIT/ 000 .
6 30 FI :FZ / 1 0 0 ,
631 .~R I T E ( b , 2 3 0 0 )  (!,N O C P M C I )  , I .1,200
632 I F ( J F L A G .E 3 .0)  GO 10 200

C .— . . .REA D R & D  C O STS
6 33 R E A D ( 5 , 1 1 5 )  OUTU) ,‘~CO DECl ) , D U T ( 4 )  ,N C O D E ( 2 )  ,O U T ( 5 )  ,NC O D E( 3 ) ,

1 O U T ( 6 ) , N C O O E ( 4 ) ,  ( O U T ( I ) , I : 7 , 9 ) , 0 U T 1 1 1 ) ,  O U ’ T ( j ) , N R D E S I
6311 S LJM I O,
635 DO 30 I a 1 , ’ l
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_ _ _  
______

b’ 7 IF 0:0! ).~~~.1) O T ( J ) : O ~~’ ( J ) * 3~~J
8 3 5  IF ( ~~:0~~F ) . E .O )  C~~~F ( !)~~?

30 S ~ 3 • ~ I’ U)
b- _ a 1 (~~~~~ i~~.E - .D) ~;ES~~~

— 2X~~~~~ ~~~~
•‘

(44 1 • I T E ( h , 2 ~~l 0 )
642  T E (4,~’.~J 0 )  (O (!),NY (~~C 3 E (I.2)),I:3 ,b),(O UT(I),I.7 ,9),

I DJT(l1), 0JT (I), Y ( ~~~~~ST)
I~ ( O ~~ T ( 7 )  . E Q ,O) j717) :Sj” * \ A

84(1
645 I F ( L 9 T ( 9 ) . E O . 0 )  O U T ( 8 ) ~~S~~’4 *~~2 3 F I T
bL4 b 5j ’ :3 ’’-~+ j J T ( S )
844 7 3 J T ( � ) : S J M
644 8 3j1(1T)~~0 J T C 1 1 )
649 S J ~~:S~~- i + 0 j T ( 1 I )
850 I F C C~~T ( 1 ) . E 0 .C O U T ( 1 ) ~~S~~”
651 R E A O ( S , 1 J 5 )  \XD

C .——— .REA0 I •VEST ~~E - T  1 0 •~~~~~~4I ~ O S T S
b52 PEA D (5,l2O) O T ( ~~6),’CC)~~C I ) , O j T(~~7),NCOOE(2), ) : 1 ( 1 8 ) , 0 0 0 E 1 3 ) ,

I O UT(19), ’.003E(X), :jT (20) ,.:OOE(5),O,T (21),-JT (?2),OUT(2 ,
2 0 4 T ( 1 f l , ’- I M E S T

653 SJ’~:0,
55-1 D O 35 1 1.5

b S b  I F ( 4 C 0 3 0 ( I ) . NE . 1)  O T ( J ) : O J T C J ) * O H D
657 IF .:fl~~~(T).EO ,O) 030E(I):2

35 SJ’~:s••’ •
,4O • JT (J)

859 IF(N I ’.E ST .EC0 ,0) NINEST:?
C PRI N T I~~ ’ i T

660 ~RITE(5,25Q0) CO UTCI ) ,1,Y (NOODE (I_ 15) ) , I~~1b,20) ,DUT (21) ,OUT(?2)
I OJT(?-.),~~J7 (I41), NY( NI’,ES7)

68 1 I F ( O ~~ ( 2 1 )  p 3 .0)  0 j 7 ( 2 1 ) ; 5 J~~* G N A
662
543 IF (O -_~~(?2).E., C) O~~T(22):SU ”*P~~fl FIT
56-. S J”::~ ’ +a iT C??)
655
666 O J 1 C ~~~)r I~ ; T ( 2 ~~)
687 SU~~~S ” sO~iT(~~4)
688 t C ~~~T C l 4 l ) . U.0)  C U T ( 2 L ~) :S~~’-’68 9 P E A D ( 5 , I 0 5 )  NIN

C XE Al) I~~v T~~E T  ~FC ‘.I G  C O S T  O A T A
6 70 P E A D ( 5 , 1 2 5 )  3~~T ( 2 9 ) ,~~C 0D E ( 1 ) , O ~~T ( T C ~~,N C C D E ( 2 ) , O U T ( 3 1 ) , \ C C ) E ( 3 ) ,

I OL.J T ( 3 2 ) ,  NC OD E ( L o ) ,  O I J T ( 3 3 ) , O U T ( 3 4 4 ) ,  N J N I T C ,  OUT (35), LBSC,
2 D L J T ( 3 6 )

671 READ(5, 130) OUT (38) ,OUT (39) ,NL JMITI,LBSI,OUT (27) ,NIREST ,OUT (’.02
872 SUV~ 0.
813 DO IIC I~~0,’1
8741 .I~~I+2R
675 IF (N003ECI ) . ‘E .1) fl T ( J ) : O J T ( J ) * O ~4 D
675 IFCN 033 E CI). EQ ,T) NCCY)E (I):2
677 (40 SUM:SLI’1,OUT (J)
678 I F C N I R E S T . E0 .0) NIR ESI:2

C.— .—— PRI NT INPUT
679 nPITEC6, 2b00) (DU TCI ) ,‘Y (\C ODE(1 28) ) ,I~~2Q ,32), (001(I) .1.33, 38).

1 OLJ T (38),00I(39) ,OUT(410 ) ,OuT (27) ,N YCN IR E S T )
C.~ .— .CONTRACT TRA N SPORTAT ION COSTS

880 IFCO JT (33).NE.0) GO TO (15
681 Ir(NUN ITC , EO .0) GO TO ‘45
682 T 0T~~j zN UNI T C * L B $ C
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683 S~~0~~T : T 0T~~T / 1 e 0 .
b841 OuT t0 3 ) :S— PsT ** PO RT C
885 (15 S~~~~5~~~.O~~T (33)*OuT(3’.)
684 IF (Cull 45) .E0 .0) OL ~T (35):Sj~~*G\ A

$0U:5 )‘.OjT (35)
688 IF(OjT (36).E 0 .O) OjT(3~~):5J”~ PROFZT
689 SUY S ) “ 4 O ’ J 7 ( S ô )
6 90  Q J T C ~~4 ) :S uR

C I N— ’-’OU SE TRA M S PD R TA T IO’J COSTS
891 IF(OuT C38 ) .NE .O ) GO 10 50
692 IF (NUNITI.EQ .0) GO TO 50
8 9 3  TOT~~T :NuNtTt .LA8I
89.4 S,i?~,T zTDT (T/100 .
695 OUTC38) :S’-4P.~T* X PO RT I

SO O L T ( 3 7 ) ; C ) T ( 3 8 ) s C U T ( 3 9 )
b Rl SJ~~:S J~~.U U T ( 3 7 )
( 4 9 5  I F C O u T ( 2 7 ) . E 3 . 0 )  O L 4 T ( 2 7 ) : 5 .i ~

READ (5,lOS) SIR
C PR I NT INPjT

7 0 0  ~RZTE (b,2 020)
701 ARIT E ((4,?700) ((,MXD(I) ,NI\ (I),N IR (I),I:1,5), (I,N INCI ),NIR (I),

t 118 ,?1)
C F04~~’.1 S~~-)TE’!.TS — ~EA D

7 2  110 F 3 9 ” A T  C t 3 , F5 .d ,~~o , 1 ,F8 .2,Fb .2,~~5,1, FS.1 ,Fb .2,F5,1, 13 )
7 03 105 U4’A1(tOIó)
7 1 4  1 1 3  F O 9 1 C 3 F 6 , 2 , 5 c 5 . 2 ,~~4 . 2 , ~~4 . I )
705 1 15 F O R - A T ( 3 ( F 7 ,0, I I )  ,~~6 ,0 , Ij,2F4, 0,F3 .0,F 7 ,O,F8 ,O,Ij )
706 120 FO9~~A T  ( . ( F 7, Ø,  II ), F h ,0, 11 ,~~F b,0, F7 ,0,F8 .O,II 1
707 1?5 FO R V A T( SC~~7.0.Il ) ~~~~~~ II ,2F7 ,C,I5,F7 .0,13,F7 .0)
718 1 13 F0RM)~~(2F7 .T ,T5,I3, F9 .0,I1, r’1.0)

C : C ~~~4 ~L O~~ERLT I .G COsTS 

3 S T ~~~C Y  TRASS PORT4T IO ’4 COSTS
1 01051 1

719 2 0 0  . D 0 ~~C N0 LTQTf3)~~P))L
710

C Z305
ill 5 ’ P - T ;  •:)))‘c .?.L~~5O/20 O ,
7 1 2  5 AT.:\001C’ *2* _ h3~~/10O .

C ZC3ST
7 1 3  O~JT(4b ):SHP T *X P . R TC+ S iPAT\*X PO ’1TC

C ZCOST 3
7141 ~JRDE~~:r’ -~1,G’A ,PROFTT
7 15 O J T ( U b ) : 1 ) T 1 4 6 ) * ilE .

C C3ST~~A C T OE P IT LA B UR ! P4915
C Z C O S T  5,h

7 18 J ) T C ’ . 7 ) : ( \ 0 O~~C. V ( S ) * C R A T E,S DO , ,C N* h~i~~S ( 3 ) * C R A T E N)
7 1 7  O U T ( 4 7 ) : ( U ~~T ( 4 7 ) + ( 1 D O H C * P A R T S ( 3 ) , ) 4 0 O M C N * P A R Y S N ( 3 ) ) ) * B U R D E N
728 00 210 1345, 9
7 1 9  2 1 0  O U T ( ’ . 4 ) : O J T C I 4 ) , O U T ( I )

C..._~~I\ _ O U3 E LA R O R  I, P AR TS
C ZCOST 1.1 0,11

723 \3O’I :‘JJ LTOI(3 )—NDOHC
721 \33”I~~zME~~TOT (3)—ND0 ~ CN

C ZCOST 1(1
7?? OUT (55).\DOkI*&.M(3)*RATLASC3)+(SDOHI*PARTS (3))
723 OLJTC5S) :CUTC55 ),NDC~~IN *RA IL A8(3)*H.lMN(3),(NDOMIN*PARTSN(3))
7 2 4  DO 225 1:1,2
775 O U T ( 5 1 ) I u J T  ( 6 0 ) . . T L T t (  I )*9A14. AB ( I )*,4’’~(I I
726 3 U 1 ( 5 3 ) : Q U T C 5 0 ) , 5 E .~T C T ( 1 ) * R 8 Y L 4 8 ( I ) * 1 - ~~ ’ N C 1 )
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727
728 2?5 0~~T (E?):)T (5?) ..FnTfl1(I) *2A ’11S (I)

C ZC OST h 

729
1 10 3ST 9

730 OJT (5l): ~T~~52 )÷~~~T (53)
C I - — ~’2 U SE T R A \ 3 P f l  ~~ IO COSTS
C ZCO ST 12, 1 3

731 S-.~~~T:\OL I.?.~/3O/100 .
732 S~~~~! : f l - ! ’ *?.L/S ,/1O0 ,
7 3 3  O J T ( 5 ) : C S — ~~~T # S ~~P~~T N ) * X ? J R T I
734 DO 2 35 1:1,20

C 00 05 1 15
735  235  OJTC56):C JTC5N). ’C~~~ (I)
738 DO 250 1:50.56
7 3 7  I F( 1 . . 52 .04 .I .~~0.53) GO 10 250
738
7 3 9  250 C 1 1 - E

C ZCO ST 1~-’
7~~0 ‘ J T ( ~~~~)~~ ‘T 144)+: 1(49 )

•~~STlY4 TE N 0 .— f l P E ~~)T I 0  C~~ST C A  1E 0 0 ~~Y A
-
~~CJ~~LSG .E. .o) r - c P : o T (u3)— ~J~~T (5.5)
‘ C ’ ~~L4 3 .E J . 0)  0 )  T O 2 - 0

C J ,E0 .l. -2 , -~~0FST .E0 .I) 
(‘~~~( 1 ) r 1 F 1.,O S

7 : F C J F . . 40 .E ; . l  ,A : . l - ~~ s T .E; . 1)  O~~T ( 1 . ) : 1 E ’ ~~~ , 11’. 1b 7
I~~( J 4 G , E 0 . 1 . 4 0 .\ i ~~~ ST .E 3 .1) (UT(27):T~~~~*.2691b7

C E 5 T N . ~T E D  ~~ ‘ — O P  OL S IS PER Y EAR
7’.1 I -(~~~ST .U.1) N 90(H ;OJT (1)
7~~5 IF(l ,I~~~ST .E0 .I) ‘I~~( 2 ) : O U T ( 1 4 4 )

00 70
751 00 ?
751 275 - l ) ~~~J’C27 )/3 .
7 52  2 8 0  0 )  1 0 0 0  I~~1,? ~ 

Y E - ~~~L Y O~~F iA T I~ .G COSTS

O . T R ) C T  4 ’ P O~~T~~~I 0! COSTS TI ~~ “JT
753 DO-’ ~:
7~~ 4 0 - C :~ E ’ (I.3)’- )’~
755 S— ~~ - 1~~ 0 *?.~~-~O 0/10 )
756 5 - °~~T :  D f l — C * d * .~~3 / I C 0 ,
757 C O5T(I,1):C )ST (I,t ).NSHP.T0+S~l X~~T\)*X PO.’TC)

C ~POT LAN0 ~ 4~ 0758  C - O S T ( I , 1 ) : C ~~S T ( I , I ) , (  3 O p 4 c *~~ iV ( 3 ) * c ~~’ . T E +  ::r~~c Sa.. -
~~1 N ( 3 ) e c R A y E N )

759 COSt (I,I):COST(I,1).( LC ~~~~*~~A RTS (3 )e JOHC \*PAR TSN (3))
C A PX L I UVE ’114E40

76 3 COS TCt ,I ):COS T (I,1)*S 20E5 
IN— ~U~lSE L O - SOR 6 PAR TS 

IEPOT
161 33kI3:NJ’IOL(I,3) DOHCO
7b2 DOHI4:NU’-’E~~(I,3)— OOHCN

TEM P: DO~~IO*RA TLABC 3 )*H MM (3)+ DOHIO*PARTS(3)
7,-s TEYPZTEM P,( DOHIN*’1ATLAB(3)*’IMMN(3 ), DONIN*PARTSN(3))
lb S C3S1(I,1) ICOSI(I ,I)$TEVP 

V J M I AVI V
786 T EMP:0 ,
761 00 300 .5:1,2
768 TEMP :TEMP+(NtjMOL(I,J )*PATLA8 (J)*H4M (J)*NUMOL (I,J)*PAI~T5(J))
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‘
U,— __ -:-

~i_ ~~~~~ • - 
- -

~~~~

4 . 0  ~~~~~~~~~ “H- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 C S ~ : 

- .1) :1151 (1 1 ) + I

7 ’ ?  : ‘Srcl ,I ):: )S (1,l).~~F ’’ ’
O — I”— -- - ‘~ ~~-~~‘ — 4 T ~~)’ , 0O5~~S 10 DE P -~T

7’S 0 _ 2 ’ I ~~; 0
7’. 5— ~~l 1 :  DO—1 ’2. --- 0 ,(00,

C 1 S ? ,1): 5~~( I , I ) , ( C S ~,P,~~1,S,P~~1 ’) *X P O R T I )
77~
777 Z3” (I):C S1(I, I )
‘‘5 IF(JF _ Y , .EQ ,0) 00 10

3 1 -  0 — 5 ~ C O S T  C A ?500 ,I~~3 4y Y E A R
11 (1 ,Y .S) 0~ 10

T C _ I U) . ’ !/ )  - :—~~~~~
‘‘C o 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C ‘~~~~~~‘
‘12 C IS ’(T,I)r OS T (I,I )
‘ 93 :~~(I ..~~.-s) Co~~1 (I, 1) :C S T ( I , 1 ) ’ . 4 0 ( I )

C :~~
_ c ~~~ ‘I 0 j ”  6 O 1 3 C C U ~~~2 D  C O S T S

‘~~~ . ? O C  0 0 3 ( (  ,2 0 ~~~’ ( 1  , 1 5
7~~3
7 • 6 0 0 .5 1 C I , 1) : 0 ST C I , 1) * ((1 , + ~ I I I * ( — (I • — , S ) ) I
7~~7

1 ZO O1~ ( ‘
11 (1 .01 .1 ) C0ST(I,2):C0ST (~~,fl +CCsT(I,1 )

1 20:’S-
7 5 7  

- 
:~~ C C 1) C~~~~ ( : , 3 0 ~~C 0 S 1 ( v , 3 ) + c : ~~S T ( I , 1 ) I C c 1 . ,F I ) , * ( . C x I . .S ) ) ) )

7 11 I~~ ( 1 .~_ T~~~ ) , 1 ’ 4 : - _ C I ) + N ! ~~( I ) . ~~I ’ 1 ( I )
r~~C ! .0- .—

73 11(0 .00 .1) 00 12 Y 4 7

~0 ~~~~~~~~~~~~~~~~~~~~ 
C H , I ) . ~~C — C x I — , 5 ) f l )

— - I
C - OX ~~ . 1 S~~~T’ 

.5 - - S  — ‘RI ’4T I”~~ J T
~ 3 o  F 0 4 ’ ( ( - ‘ I , / / T ? ) ,’ C ” ~5T i - ~~_J T  l):, T A  —

~ 0 0  7310 ~~
‘

~~~~~~- (1-’ ) , //‘2’ , ‘ O O O T  ~~~ J I — -‘.L~~E 4 ’  A T E ’ )
9 0 1  2 0 2 3 F 7 ’ 4~~1 ’ (H- I ,/ / 1 i~~ , ‘005 1  1 2 1  3.~T 3  — A l

1 U’ ~ 5.5 ? ‘15 
~~~ C~ ~5 ~ Y ‘ A ‘ , /1 ~~~ , 

‘ ‘~U~ ‘ , / 13, ‘YEA R ‘.115,
2 ‘~~~D E~~~~~ 1 3 C ’ 0 ~~ !’ 0 ’ ,/ )

~~ 0 2100 ;o
~~’-A~~I,,,T3, ’c:~~~ r A\1 F ’ C I O X S  :‘,/ 15, ’ r ’ ’,s R ( - _ E A D ’ ,T 4 7 , F b .2 , 1 A , ’~~’,

I J r ’ , ‘ , c A ’ ,T ,7 ,(2,2 , i  i, ‘~~‘,/ T ~~, ‘ -‘ -~~~~ IT’ , T 4 7 , ~~b .?,1x , ‘~~‘,/T5,
2 S~~I 2 1~I , 0  P A l E  — C O T ~~4C T ’ ,T ” b , ‘1’ , T.h ’ F .?,tX , PER 100 LBS .’,
3 / T 21, ’I’ .~-:- J S E ’ ,T 4 M ,c 5 . 0 , 1 x , ’A ~~ 1~~o 3 .’,/T 5, ’A ~~-’o L A B OR RATE —
3 4 1 0  ‘‘,T4.9 ,~~5 ,2,1X , •:s~ ~~X , •,/1?3, ’A(1I ’’’,141 * ,F5 .2,1 X , ’PER i’4 .’’
S /123, ‘)E~~~7’,Tul .’ N ,2 ,  I x , ’-~0 R ‘-~~,‘, / T 4 ,  FUEL C O S T ’ ,144 8 ,F5 .2 , 1 X ,
8 ‘059 GA L L )  •‘,/T5, ’)I~~Z1~H,1 R4TE’ ,TL47, F6 ,2,1X ,’~~’)

01 3  2 2 0 0  F0 ~~” 3 T ( / / / T 3 , ’02 E431 P ,G 0:5’ O A T A  :‘,I-’5, ’ O L O  I T E V ’ ,T b S . ’N EI I T 5 ~~’
I ,f 15 , ’Z OE~~JT “:1.1. PEP~~: LO BY CUNI ,’,’57,13, lr ,’t’ ,T87 ,
2 13, jx ,’~~’,/T5, ’u~~BL ’P”DENE3 R AT E’ ,T’44,’%’,T48,F5 .2,IX , ‘PER - H ,’
3,~~b (1,’$’,Tb8, F5,2,1 x ,’PER —4 -X ,’,/T5, ’AV G , M~’’~ TO REP AI R A l DEPOT’ ,
‘4 YA4 b ,2(~~7.2,13X),/T2l, ‘A Vij .i’,147,2(F4,2,ISS X),/T27, ‘AVI~~’,Ts4 7,
S 2(F8,2,1- 3 ,),/T5, ’A v G . V A L U E  OF PART3 COSSu ’~ED A l DEPOT S ‘,F8 .�,
6 ‘~~3 , ‘5 ‘,F M .?, / ’17 , ‘ANUV ’ ,1’47,2(Fb .2,1(1X ),/T37, ‘AV IM’ ,T44 7,
7 2 (Fb.2,1 ..x), /T5, ‘‘~A 8T S~iI2 I’,G +EIGHT’ ,T’17,I3,’IX , ’L4IS. ‘,T87,I3,
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I 4 X , ’L ’ X , ’, , I N , ’S~~ C ~~~~ ~ o r , ‘~~ .‘,r 4 7 , .
~~- .?, l ~~, ‘

I ‘ k ~~ ‘,/ / / T 5 ,  ‘ 2 . 0 ,4 1 ’ ’  0 ’ I , 1 _ Ol ~~ ~~ I ‘./)
414 2310 FD3’)T (?O(/’5b ,I7,MX ,~~~))
80 5  2 . s Y O  F 0 ( - ’ A T ( / / 13 , ’ X s 1 L O S T S ’ , T  , ‘) ‘ . N R - ’ E A O  4L~~f : ’ ~~~’ ,/ T 5 ,U , 1 - _ A C ’ ’ ,

I l51, ’INCLUDE!  ? ‘ , / T 7 , ’ E \ 0 I 5 E X I ’ .0’ , T 3 ~~,X Q .0 , 7 x , 1 5 ~~,, T 7 ,’I)L) . I’.G’ .
2 T 3 8 , F R , 0 , 7 X , l A ~~, / T 7 , ‘?~~0 13 ~~I2~ 2 5 c ~~~ C I I O N ’, T 3 4 ~,~~9 . C , 7.  , 1
3 ‘O ~~’~F~~’ . 13 5 , F 9 ,~~, 7 ( 4 ,1~~ 3 , / T 1 , ‘fl’)1’ ,T 3” ,~ ’7 ,C , / T 7 ,  ‘— 5 0  I T’ , ~~~~~~ ~.
44 /T7 ,’ T Y . (‘F P7 3 ’ l ’I  S’ , I ’ 5 ,~~c’ .7 ,J T 5 ,’I’ - ‘ j L 5 E ’ , / T 7 ,’~~~ )0~~1’4 ‘-~~~~
ST .’,138, FQ ,0,/T3, ’IF EL EV E \ T S ’ ,’T b 4015. 0 ,- I , T I T A L  ,F9 .0, /13,
6 ‘SSTI’-’AIE ~~~ c ;s is 7’ ,T41 2 , Ic.;. )

806 2500 FD9” 4T (//T3, ’I’,V ES T ’E ~0T N3’ .IS C J X 7 I . 0 3  C O S T S ’ ,/TS, ’CIOOT P AC T ’ ,/17 ,
I ‘AD V PR OD F~~G I o E E c I - G , T 3 1 ,~’9 .o , 7 x , 1 A 4 , / T 7 , ’T o O L I’~o ’ ,T 38, F 0 .o , 7 1 ,
2 1 A 44 ,/17 , ‘“ A ’ H 4 - A C T , X I N G ’ , T51 , F9 .3, 7X , tL ’4 , 1T7 , LU4L ITY C’~~TX0 1 ’,
3 138 , F R . 0 , 7 X , 1 A A , / 7 7 , ‘01~~E~~’,T3,~,FQ .C , 7 x , j A l l ,/ T 7 , ‘GA A ’,138 ,( 7,1 ,

5 FR ,3,/T3, ’IF ~~‘~~~~‘‘ ‘- 1’5 1 ,0~ -H’--( T , ‘~~‘~~~& L

6 ‘t S T I ’~A TE ‘ , ‘
~~~EC~~’~~I’0 C~’S’S 7 ’ ,T . ? , C A ’ 4 )

807 2400 F O 4 ” ~~ 0 ( J / T 3 , ’ i ’ v E 5 T ’ - ’ L ’ ~ T ‘ - E C o - ’ H I O  L ) s T s ,, T 5 , ’C o N T . ~A : T ’ ,,T7 ,
I ‘E1 ,0!’,EE~~I’~G’,T31 ,F9 .0,7 % ,I (.‘4 ,13 7, ‘TOOLI ’~0’,136 ,F9 .O,7X , I
2 ‘~~~1L 1T Y  C O ’ .T ~~”) L, ’,T 3 R ,F9 .1, 7Y , 1 A ’ 4 ,/ T 7 , ‘“8 ’ L, F A C T ,,- R I N U ’ ,T 38 , F-3 .0 ,
3 7X , 14’.,/T7, ‘‘ j 4 5 ~ 0557 , I ’ 4 X~~520 ~~T A T I0 • ‘ , T ,s 4 ,~~c .o , / T 1 , ‘r — — E p ’ ,
t~ T5I ,- F9 .0,/T7, ’0~.A’ ,T3 8,19 ,0 , /T7 , ‘i~~ 2 F 1 T ’ ,’7S,F9 ,O ,,15, ,),•.‘— •. 5E’ ,
5 /17 , ‘713 S P 0 - _ T 4 T I 0 ’ , ’, T 3 ’ ,~ ~ , D , / ’ 7 ,  ‘P P O~~ ’3 ’ -’ ‘ ,‘I , “ .1 38,
8 R 9 . O , / T 3 , ’T O T A s. O T V , ’, T - _ 0 , F 7 . 0 ,/ 13 , ’ I ’  E LE ’~~0 T S  031 ~~~~~~ 3.,j T ,  T
7071.L’, 0 3 8 , F9 .O ,/13, ’E 31I,IATE ~E C _ ~~- ’. 0 C S ~~S ?‘ ,T4 2,1AU)

809  2700 F 0R ~it.T (5C/ ,44X, I2,3(3X,I8 )),15(/,..X ,I2,14A ,I8, 3x,18 I )
8041 RETUR N
8 10  EN D

L 
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PRUGRAM OUTPUT

A11OP AF T • U7C PA IELI NE
C _ A S S  — 1

23 1 _ lA D 24000 LBS
C 7J IS E SPEED ( ‘c ” 3~i)

1\ T E 9 S ~~L 2 5 41
E XIER’.’L 238

0 4 3 1 ’ . DY 2 4 ~~! ’ E ’ , T
T _ IOR A4 EA 2 - _ I  SC .FT ,

O F 55415 ‘4

11 LITTERS — — — —  2 -
A U S U L A T O R Y  SEA TS —— — 2

M I S S I 3 ~ L EG ‘.L)’ 8E1 OF C A R G O  I N O V
sO TY ’4E OLS TY PE 00 01ST PAX LITS PO .r - S  L O A D  S O R T I E S  FL! . HRS .

8 1 1 1 255 212872 0 65022720 1 44838 2.038
44338 9849,0914

Nj
~~PE~ OF AIR C R A F T  1 6,

,,4T I L I Z A I I QN 50 .70 HR S/A C /V 0
“HA N TIME BETHEEN “A IN TE NAN C E  9 ,7515 HHJXS
72 8. E SIZE 6 C 4 4 E — S
M TT P 2.155 HU)~~ S
EX PEC TED OUEUE LENGTH 0 ,7125 TA SKS
EX~~FCTED IAI T ING TIME FOR MEN 0 .13- 0 HOURS
E x 7EC TEI) ‘4 3 . T A S K S . 19 S Y S T E M  3,622 9
E X PECTED TI’-’E IN S Y S T E M  2 , 2 8 ’ 4 0  HOUR S
PRO BABILITY OF NO TASKS . IN SYSTEM 0 ,0319
TO TA 1 *41 11MG TXM C 144 2,7950 HOURS (FAILS , * EXP . ~*A IT 71’-i E )
TOTA L DO~~N TI ME 21434.SRBO HOURS C F~~1LS . A EXP . TIM E IN SYS .)
5 9 4 —  .44111MG 1 ,3281 S C TOT , 6-411 TIME /TOT AC C AL. IRS ,)
‘.409U. TOTAL 22,8432 5 C TOT . DOWN ll Mh/TOI AC CAL . HRS,)

NORS — (INPUT) 1,0 0 0 0  %

A VAI L *S~ L.ITY 70,3568 5
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A I R O P A F T  • 447 A L T E R M A T E
..A S S  — 1

P A Y _ O A D  23 993 LBS
CR UISE SPEED (* 1 9 - . )

259
E X T E R N A L  238

C A B I ’ . C3’-’ P A R T ’ E ’ 4 T
~~O ’  ARE A 2~~0 5U ,F1 ,
‘SJM AER OF SEATS 344
NUMBER 31 LIT 1E~ S ———— 244

A M B U L A T O R Y  S E A T S  — .— 2

“OSS IDs LEG NUMBER OF CA R GO INDV
ND TY2E LS TY9E oO 01ST P A X  LIES POUNDS LOAD SORTIES FLT . iQS~

~ 1 I 1 255 212872 0 65022720 1 4840 2.036
48310 9853.164

~ “~~54 -
~~~ A I R C R A F T  16 .

52 ,49 ‘I, S/AC/ ”O
Y. TI~~E 0FT~~EE\ 

V A I5TE~J3NCE 0.7513 N ”~~RS
0 SIZE 6 CRE I- S

2,050 HOUN S
E’~~F O T E D  QJEUE LENGTH 0 . 2 1 25 TASKS
E x ”C ’EO 141 11MG TI”E FOR “EN 0.1277 HOURS
0~~~ ’~~~T E ( ’  M D . T A SK S , IN S YS TEY 3 ,622 8
0’ ’) 0’5 1’E IN SYSTE” 2,1 7 7 7  r 4 j ~~HS

0~ TAS K S . IN SYSTE M 0 ,3 5 1 3
‘014 ,. ~41T1’4 0 T I M E  1442,77 07 HOLJ~~S (FAILS . (4 EXP . ~.A IT TI F)

~ ‘ 1 ’ 4 . ~O~ ’4 TI ~’~ 2 4 4 3 1 4, 5 1 0 0  HOURS C F A I L S . x E X P , T I M E  I ’  S Y S ,)
509” — 1 4 1 1 1 M G  1 ,327 9 5 C TOT , ~ A I T  TIME/lOT AC C A L .  H P S , )
539k — Ir’TA L 22.61424 5 C TOT , DOWN TIME/TOT AC CAL . ~i4$ .)

‘.095 • IIN O ,jT) 7,0 0 0 0  5

A V A I L A 8 I L X T Y  70 .3576 5
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FLEET SIZI NG SUMMA R Y

BASELI N E A L T OIN A ’S

~ T ‘-RS , -0 JI~~ED
“0 0 E2 F : I~ ISSIO N 98449.OQ 9853 .18 —~

-_ 1 00N 0 A V A 1~~A 41L !TY CON STA ,T 
~

70 ,36 75 ,34
.~YI., (F.4/AC/’O) 50 .00FL~ FT SIZE ( A C )  1~~6. 98 187 .7 0

—~~_ 0 1 N ;  J ’I_ IZ ATIO\ I0~~3 T A ’.T t
70 34 ‘1,71_ ‘1~~. C1~~,31/’1 3) 50 ,7’T 50,0,0

~~E0’ SIZE (30) )9~~,9& 297 .04

‘ L O I ’ - G  F i  SET SIZE CONST AS T 1
70 ,36 71 ,69_ ‘i... (14/AC/’O) 50 ,00  50 .02F 4 _ E E T  S I Z F  ( A C )  1Q b. 98 194 ,98
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M ODIFICATIO N INCORPORATIO N DATA — OLD STIFFNER

I I P J T S i

‘43 . OF MO N T H S  IN STUDY 180
NO . 3F CO” P( ’ MEM!S I ’4 ’ F L E E T  296
1920G . DELI VERY RA T F I Mo
I~ CO NSTA N T, DELIVS . PER MO, 44
MD , OF UDI~THS
AC DELIVE RED #IT# MOO 7 NO
START M O N T H
IRREG . UTILIZATION 7 NO
FL!, HRS ,/COM P ,/VO , 50
TO TAL AC IIEL IV . tllTH “CD 0
IRRE G . F IELD MOD I \CO R P , R A T E I NO
IF CONST A N T , IMCORP S . PER MO . 0
IF I9RES ., ‘JO . OF MONT HS 0
TOT AL IN CO R POR ATED 0
START “05TH 0
OT Y , SPORES ON HA ND 1 MONTH S
O T Y . PIPE LIN E S P A R E S  4 M O 5 T M S
CaM P . 4119. RATE/100000 -‘RS , 2,00

OLD ITE M NE ITEM
“TBF 20 6.02 292.65
MTBR TO AVI M 0,00 0.00
M TBR TO ~fPOT 0.00 0.00

O U T P U T S ,

OLD ITE~ ‘.E.~ lIE”
M A I N T . A TIOMS AT

17108 0
4V 1M 0 0
DEPOT 0 0

ELI. MRS . 35044000 0

INIT . SPA RES REQ . PER LOC . 0
C OM P S . ATTR I T E D  70
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~~~~~~~~~~~~~~~~~ Ti_~~
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~=T’~~~~~~~~~~
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“C O I F I C A T I T ,  I CO R PO RA T ION DATA — N~ .4 STIEPsER

I N P U T S ,

‘0. OF 4O’ T~~3 I~ SIJOY 150
4 ~D , or CO~ PO\ F ’T5 IN FLEET 299

T ARFO . D E L I v E R Y  2775 7
IF C3 ’ST .’41, D E LIA S. PER ~~~

O~ Y’ 7 ’ T W 5  25
AC OEL! V 1~~E0 ,,ITH “30 7 YES
STAR T ~D ’~I~ 15
IRR E G . u l t _ I Z A T I O M  7 ‘.0)
F .T , ‘~~T./C0 ’~~./’~O , 50
T O T A L  AC D E L I V . ~ITH “0’)
IR R EG . FIELD “0’) IoCO PP , RA TE 7 (.0
IF CO N ST A N T , IMCORPS . PER ‘10, 37
IF 1~~R0G , ,  NO. OF V35 ,T ,,3 0
TOT AL IN :0R~~O PATEDST A RT ~3NTH 13
DIY , S~~A AE5 3M HAND PIONT HS
CrY . P!PELIN~ 523 4 4 E 5  ‘~ ‘ONT ~~S
C D~~P , ATI P . PATE/000000 HRS , 2.00

OLD ITEM NE . I!E~’
M T BF 20 8,0? 292.65
“TaR TO AVI M 0,00 3, 10
MT8R TO DEPOT 0,00 0,00

O J T P U T S I

OLD ITEM NEJ~ ITE M
“A IN ’T’

. A CTI ONS A T
A V U M 1368 11009
A V I M  0 0
DE POT 0 0

ELT . HRS , 281950 3222050

IM IT, SPARES RE Q , PER LOC , 0
CORPS . AITRITED 64
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COST INP UT DATA — B A S E L IN I

CO N STA N T FACTO R S I
O V L P ’fEA r) 180 .00 5
08.4 17 .00 5

10 ,00 5
SHIPPING R AT E — CONT RA CT 5 17 .00 PEP 100 LBS .

IN—HOUSE 13.00 PER 200 LBS •ARMY LABOR RAT E — AV LJ M 10 ,00 PER HP ,
AV I M 2 1 .00 PER NR ,
DEPOT 13 ,50 PER HR ,

F UEL COST 0 ,445 PEP GA LLON
DISCOUNT R A T E  10 .00 5

O P ERA T IN G COST DAT A : OLD ITEM NEW ITE”
S DEPOT “AI NT . PE RFOR”ED BY CONT R , 0 z 0 5
~N 3 , J 9 N ) E N E D  RA TE $ 0.00 PER HR~ S 0,00 PER PlR~A V G . M R H  TO R E P A I R  A T DEPOT 0 .00 0 ,00

A VL, M 8.90 0,00
AVI M 0.00 0,00

A V G . VALUE OF ‘PARTS CONSU MED AT DEPOT 5 0.00 5 0,00
AV L J M 5.00 0,00
AVIM 0.00 0,00

PART SHIPP ING ~EIGHT 0 LBS . 0 LBS.
SF1 PER FLT ’

. HR . 0.00 LbS . 0,00 LBS.

PROGRA M 4GMT , COST PER YEAR S

1 0
2 0
3 0
4 0
5 (4
8 0
7 0
8 0
9 0

10 0
11 0
12 0
13 0
14 0
15 0
lb 0
17 0
18 0
19 0
20 0
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COST INP UT D A T A  — A LT E 2NA T~

CO N STAN T FACTORS s
DV EP-IE A G 1 80.00 5
G A l 17 .00 5
PROF IT 10 .00 5
SHIP PING RA TE — CO NT RA CT $ 17~~0O PER 100 LBS .

IN— HO USE 13 ,00 PEP 100 LBS .
A R M Y  LA RO ~ PATE — A V UM 10.00 PER NR ,

AVI M 11 .00 PER HR ,
DEPOT 13. 50 PER HR~

FUEL COST 0,445 PER GALLON
DI S CO U N T PAT E 10 . 00 5

O PE RAT IN G CO ST DA TA I OLD ITEM 6E.4 ITEM
S DE~~DT 14 14 1. PERFOR ”ED BY CONTR . 0 5 0 ~
‘JN8URNDENED RATE S 0 .00 PER MR , $ 0.00 ~EP 

-4 ,
A V G . 1MM TO REPAI P AT DEPOT 0.00 0 .00

A V U ” 8.90 8,90
0.00 0 , C 0

A V G . V A L U E  OF P A R T S  C 0 s S~ ”ED AT DE POT S 0.00 5 o ,oo
A V U M 5 ,00 5 .01)
A V I M  0 .30 0 .0(4

PART SHIPPING ~IEIG HT 0 LBS . 0 LBS.
SEC PER FLT . HR~ 0,00 LBS . 0.00 LB3,

PR OGRA M ‘1GM!. COST PER YEAR I

1 0

2 0
3 0
‘4 0
5 0
6 0
7 0
8 0
9 0

0 0  0
II 0
12 0
13 0
1 - 4 0
15 0
lb 0
17 0
18 0
19 0
20 0
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COST INPUT D ATA — A L T E R N A T E

9.3 COSTS OVLIIH EA O A LR EAD Y
CO’4 TRA T INCLUDE ’) 7

ENGI NEERING 0. NO
TOOLING 0. NO
P R O T O T Y P E  P R O D U C T I O N  0. NO
OTHER 0, NO
018 0,
PRO FIT 0.
Q T Y .  ‘)F PRO TOTYPES 0.

I ‘4— ~‘D- ’ SE
PROORL ” MGM T . 0,

IF E L E H EN T S 40! BRO KEN OUT , TOTA L 0.
ESTI MA TE R&D COSTS I

IN VES T ” ENT NON RECURRI NG COSTS
CO N T R A CT

O O v  ~~OD EN GINEERI N G -0 . ‘40
0. (NO

“A NU FACT U PIN C 0, ‘40
DL ’ALI TY CON TROL 0. ‘40

0 , NO
0.

I N — — D OE
‘ ‘ 0 1 , 0,

IF E L E - E NTS sOT V~~O~~E’4 O UT , TOTA L 16027.
ESTI MA T E  ‘4ONRE CU RR ISG COSTS I MD

INV EST~~ENT 9EC ~~P A I N G  C O S T S

0 , ;I’E E R I ’4G 0. 50
0. NC

D J A L I T Y C CN T R C L 0, NO
~A \JFA T JRING 0. NO
F IR ST DEST . TRANSPORTATION 1.
OT HER 0.
08.4 0,
PRO F IT 0,

I’4.HJUSE
TRA N SPORTATIO N 0,
PR OG R A M MO lT , 0.

TOTAL GTY , 450 ,
IF ELE MENTS ‘4(11 BRO KEN OUT , TOT AL 74963.
ESTI M A T E  R E C U R R I N G  COSTS 1 53
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.
~~~

COST INPUT DAT A • ALTERNATE

INVEST M ENT COSTS B Y YEAR I

5(05

YEAR RID RECUR R IN G RECURRING

1 0 1 6027 0
2 - - - 0 23 8 2
3 0 0 7258i
4 0 0 0
S 0 0 0
8 0 0
7 0 0
8 0 0
9 0 0

10 0 0
0!  0 0
12 0 0
13 0 0
14 0 0
iS 0 0
18 0 0
11 0 0
18 0 0
19 0 0
20 0 0
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OUT PUTS BAS E LI N E AL T E R N AT E

1.0 P E S E A ~~C H A D E V E L O P ” E N T  0, 0,
1. 01 C’) ’ , T l A C T  0, 0.
1. 01 1 F’.GI EE RI NG 0 , 0 ,
1, 012 TO’)~~I 0  0 , 0 ,
1, 013 PROTOTYPE PAOfl ,JC T ION 0~
1, 01~J OTHER 0 , C’ ,
1.015 G.E. A 0, o ,
1.018 PR O F I T  0. 0,
1.0 17 O JA \T II Y OF PROTOT YPES 0, 0 ,
1. 02 I N — — C JS E 0, 0.
1.024 PRO GR A M MA NA GE M EN T 0 , 0,

2.0 INVE SI ”EN T NO NRECURRING 0 , 18027 ,
2.0! C ON T R A C T  0 , 0,
2, 0 1 1  O J V  ~ 2 O )  EN G INEE R IN G 0 , 1 ,
2.0 12 T20 L 150 C

. C ,
2.013 MAN J FA C TUR I G 0, 0 ,
2. C 1 V  QU A LITY CONTROL 0 , C ,
?,015 OTHER (4, C ,
2.01 6 0 I. A 0~ C .
2.017 PROF IT 0. 0,
2.02 IN — -4Ou 3E 0, 0,
2.023 PROG R A M “Ls.7 00-i , ’r 0, a,

0, 0,
0, 0,

3.0 INV E ST M EN T RECURRING 0. 74983,
3,01 C O N T R A C T  0, 0,
3.011 E’,DI EE RI\G 0, 0,
3.012 TO T LT ’ ,G 0, 0,
3, 0 1 3  ‘ ) A . T T Y  C O N T R O L  0~
3.014 “A.J OTJ-~I ”G 0 , 0~
3.016 FIPS! TEST TRANSPORT 0, 0,
3, 0 1 7  O T~~E2 0, 0,
3,018 0 8. A 0, 0,
3 . 0 1 9  PRO FIT 0,
3,0? I ’ 4 — - O - J S E  0 . 0 ,
3.025 T R A ’ ,S POR TAT IC N 0. 0,
3.028 P~~O R4”  “ A \ 7 ( 7 ’.E ’4 T 0 , 0~
3, 03 IOTA . QUA N TITY 0. 4450,

0, 0,
0. 0•

4,0 OPER A T ING COSTS 1598751. 1183437 ,
41 ,0 1 CO N TRACT 0, 0. 

- .

A ,0 1 2  0 , 0.
44 .015 TRAN SPORTATION 0, 0,
44 .116 DEPOT MA INTENA NCE 0 , 0,

~,0l7 OTHER 0, 0,
4,02 IN .’OUSE 1598751. 11443M37 .
4.021 “A INTENAN CE LABOR 1513711 . 110155? .
4,022 CONSU MPTION 85040 , 61~~85.
9.0’21 PARTS 3504Y , 81885.
44,0??? POL 0 , 0,
4,025 TRANSPORTATION (4, 0,
4.028 DEPOT “A INTENA NCE 0, 0,
4.027 PROGRA M MANA GEM ENT 0, 0,
44 ,03 TOTAL OTY OPERA TED 398, 396,
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